y 
a % 
& % Fi 
* * 
é | es | < February 1981 
% Cy ¥ Vol. 43, No. 2 
», Cae ” 


National Oceanic and Atmospheric Administration * National Marine Fisheries Service 





Ses o™ 


Atlantic Salmon 
Culture in Puget Sound 





Marine Fisheries 





RS WIE Ww 


pow! mS 


WATIONAL we 
G 


On the cover: Atlantic salmon 
photographs courtesy of the U.S. 
Fish and Wildlife Service and the 





National Marine Fisheries Service, NOAA. 





Articies 


February 1981, 43(2) 





Culture of Atlantic Salmon, Salmo salar, in Puget Sound 


Guianas-Brazil Shrimp Fishery 
and Related U.S. Research Activity 


Rope Culture of the Kelp Laminaria groenlandica in Alaska 


The Impact of the Assurance of 


High Quality of Seafoods at Point of Sale 


James L. Mighell 1 


Alexander Dragovich 


Robert J. Ellis and Natasha I. Calvin 


Louis J. Ronsivalli, John D. Kaylor, 
Philip J. McKay, and Carmine Gorga 





Departments 





NOAA/NMFS Developments 
Foreign Fishery Developments 


Publications 


Fishing Gear Damages Awarded, MMPA Citizen Reward, The Ahlstrom 
Library, and DOC Gold and Silver Medalists 


Latin American Fishing Policies, France-Canada Agree on Cod, North 
Sea Oil-Fish Reports, and Wave Power for Boats? 


NMFS Scientific Reports, Managing Whales, PRC Fisheries, Marine 
Safety, Aquatic Plants, Atlantic Squid Areas and 
Trawl Hangs, Eel Culture, and A Fishing Text 





U.S. DEPARTMENT OF 
COMMERCE 


Malcolm Baldrige, Secretary 


NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION 


Terry L. Leitzell, Assistant 
Administrator for Fisheries 


National Marine Fisheries Service 


Editor: W. Hobart 


Marine Fisheries Review (UPS 090-080) is pub- 
lished monthly by the Scientific Publications 
Office, National Marine Fisheries Service, 
NOAA, Rm. 336, 1700 Westlake Ave. N., 
Seattle, WA 98109. 

Single copies and annual subscriptions are sold 
by the Superintendent of Documents, U.S. Gov- 
ernment Printing Office, Washington, DC 20402. 
Prices are: Single copy, $1.10 domestic, $1.40 
foreign; annual subscription, $13.00 domestic, 
$16.25 foreign. Copies of individual articles, in 
limited numbers are available from D822, User 
Services Branch, Environmental Science Infor- 
mation Center, NOAA, Rockville, MD 20852. 
News items are not reprinted. 

Publication of material from sources outside the 
NMFS is not an endorsement and the NMFS is not 
responsible for the accuracy of facts, views, or 
opinions of these sources. 

The Secretary of Commerce has determined that 


the publication of this periodical is necessary for 
the transaction of public bus:ness required by law 
of this Department. Use of the funds for printing 
this periodical has been approved by the Director 
of the Office of Management and Budget through 
June 30, 1983. 

The NMFS does not approve, recommend or en- 
dorse any proprietary product or proprietary ma- 
terial mentioned in this publication. No reference 
shall be made to NMFS, or to this publication 
furnished by NMFS, in any advertising or sales 
promotion which would indicate or imply that 
NMFS approves, recommends or endorses any 
proprietary product or proprietary material men- 
tioned herein, or which has as its purpose an 
intent to cause directly or indirectly the advertised 
product to be used or purchased because of this 
NMFS publication. Controlled circulation post- 
age paid at Finance Department, USPS, Washing- 
ton, DC 20260. 





Culture of Atlantic Salmon, Salmo salar, 
in Puget Sound 


Introduction 


Depletion of the Atlantic salmon, 
Salmo salar, from lakes and streams in 
New England began in colonial times 
and increased as industrialization in- 
tensified (Netboy, 1968). Obstructing 
dams, siltation due to lumbering and 
sawmill activities, industrial pollution, 
and uncontrolled fishing led to the 
disappearance of salmon from most of 
the region. 

Abatement of pollution and con- 
struction of fishways around dams were 
begun in attempts to return streams to 
habitable conditions and restore salmon 
runs to their earlier abundance. To 
restock the streams and reestablish the 
species’ complete life cycle, a source 
of eggs is necessary. This could be pro- 
vided by adult spawners (or a brood 
stock). 





ABSTRACT—Atlantic salmon, Salmo 
salar, stocks are extremely low in New 
England streams. A pilot study conducted 
in Puget Sound, Wash., showed that Atlan- 
tic salmon brood stock could be reared suc- 
cessfully by combining special techniques 
of fry rearing and saltwater pen culture 
as used for Pacific salmon. Fingerlings 
smolted at 13-15 months of age and first 
adult spawning occurred at 4 years of age. 
Smolt size varied in different groups from an 
average weight of 19.6-200 g (0.70-7.0 
ounces). The 1971 and 1974 brood Atlantic 
salmon spawned for the first time at 4 years 
of age, when they were averaging about 4.0 
kg (8.8 pounds) and 4.2 kg (9.4 pounds), 
respectively. Survival of the 1971 and 1974 
broods in salt water from smolt to mature 
adult was 90.3 and 81.1 percent, respective- 
ly. The egg survival through hatching was 
82.7 and 71.4 percent, respectively. 
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JAMES L. MIGHELL 


In 1971, National Marine Fisheries 
Service (NMFS) scientists in the agen- 
cy’s Northeast Regional Office pro- 
posed a feasibility study and pilot test 
in the Pacific Northwest (Puget Sound, 
Wash.) to rear Atlantic salmon from 
the egg to spawning stage to produce 
eggs for subsequent shipment to New 
England hatcheries. A total rearing 
system, using net-pen culture in salt 
water, would make it possible to estab- 
lish sufficient brood stock from vir- 
tually any stock desired. 

The advantages of raising these fish 
in the Pacific Northwest rather than 
New England are: 1) Sheltered waters 
of Puget Sound, 2) mild climate, and 
3) surface water temperatures ranging 
from 6° to 16°C each year as opposed 
to much colder winter temperatures and 
warmer summer temperatures on the 
New England coast (Colton and Stod- 
dard, 1972). 

Saltwater culture systems appear to 
be a good technique for raising a brood 
stock of selected species. Saltwater 
systems for raising captive Atlantic 
salmon brood stock are successful in 
both Norway and Scotland!>?. 

Coho salmon, Oncorhynchus ki- 
sutch, have been reared in a pilot brood 
stock rearing study at the NMFS North- 
west and Alaska Fisheries Center’s 
Mancuester Marine Experimental Sta- 
tion, Manchester, Wash., which spe- 
cializes in aquaculture research. Using 


"Lecture at the University of Washington, 
Seattle, on “Atlantic Salmon in Norway” by 
Magnus Berg, 24 November 1972. 

*Needham, E. A. The salmonid pathologist in 
1977. In Proceedings from the International 
Symposium on Diseases of Cultured Salmonids, 
April 4-6, 1977, Seattle, Wash., p. 8-15. Tavolek, 
Inc., Seattle, Wash. 


net pen rearing techniques similar to 
those used for commercial production 
of marketable pan-size Pacific salmon 
(Oncorhynchus spp.), broodstock coho 
salmon were successfully reared to 
maturity in their second or third year 
of age. Survival ranged from 5 to 85 
percent of the eggs produced by indi- 
vidual females (Novotny, 1975). 

The specific objectives of the Atlan- 
tic salmon pilot study were to: 1) 
Establish a successful methodology for 
rearing Atlantic salmon smolts; 2) de- 
termine growth rate and survival of 
smolts reared to maturity in saltwater 
net pens; 3) determine relative resis- 
tance of Atlantic salmon to disease 
organisms indigenous to Pacific North- 
west waters; and 4) establish matura- 
tion schedules, fecundity, and fertility 
of adult female Atlantic salmon reared 
to maturity in saltwater net pens. 

Atlantic salmon needed to initiate the 
study were obtained from the Wizard 
Falls Hatchery of the Oregon Depart- 
ment of Fish and Wildlife (OQDFW) as 
parr (1971 brood) or eyed eggs (1972 
and 1974 broods). The Wizard Falls 
Hatchery stocks are the progeny of 
parents that were 6-10 generations re- 
moved from anadromous salmon from 
the Gaspé Peninsula in Quebec, Can- 
ada, near the entrance to the St. 
Lawrence River. Although this was 
strictly a pilot test, the stock used was 
considered typical of the New England 
region. 

Fish from the 1975 brood, used only 


James L. Mighell is with the Northwest and 
Alaska Fisheries Center, National Marine Fish- 
eries Service, NOAA, Seattle, WA 98112. 





for fry-to-smolt growth and seawater 
adaptation information, weie obtained 
from eggs of the first spawning of 
adults from the Manchester net pens. 


Pilot Study Systems 


For the Atlantic salmon brood stock 
program to succeed, it was necessary 
to establish successful techniques for 
handling the sequential changes from 
the egg stage through the spawning of 
the adult fish. 


Incubation 


Heath? incubators were used to incu- 
bate the eggs to hatching. Heath incu- 
bators and small shallow troughs with 
or without gravel substrate in the pres- 
ence or absence of light were used for 
incubation of alevins to the swim-up or 
initial feeding stage. Incubation of the 
alevins in different environments pro- 
duced fry of various sizes as indicated 
in Table 1. The two dark environments 
produced the heaviest fry which conse- 
quently elicited the superior feeding 
response in comparison with fry incu- 
bated in a lighted environment. Re- 
search on other salmonids has indicated 
that fry quality can be enhanced by 
incubating the alevins on gravel or 
artificial substrates* (Bams, 1973). 


Freshwater Rearing 


Fresh water, used for rearing the 
Atlantic salmon from fry to smolt stage, 
was maintained at saturation levels for 
oxygen. Ammonia nitrogen was held 
below 0.1 ppm by adjusting water vol- 
ume, and pH was 6.8 to 7.2. Artificial 
fluorescent lighting was controlled to 
simulate a natural photoperiod regime. 

Rearing tanks were cleaned daily. 
The Oregon Moist Pellet (OMP), stan- 
dard diet for artificial rearing of Pacific 
salmon, Oncorhynchus spp., was used 
throughout the freshwater rearing. 

Exacting culture techniques in the 
early rearing stages are critical for 
success in rearing Atlantic salmon. 


Reference to trade names or commercial prod- 
ucts does not impiy endorsement by the National 
Marine Fisheries Service, NOAA. 

*Poon, D. C. 1977. Quality of salmon fry from 
gravel incubators. Auke Bay Lab., Northwest 
and Alaska Fish. Center, NMFS, NOAA, Auke 
Bay, Alaska. Unpubl. manuscr., 253 p. 


Table 1.—Feeding response of Atlantic salmon fry incubated in four different conditions of light and substrate. 





Condition 
index 
Brood Mean Mean (w x 10,000) Feeding 
year Lot Incubator type Lighting Substrate length(mm) weight (g) "ag response 
1974 1 
1975 2 
1974 3 Trough (4' x 1’ 
1974 4 





Heath Indirect None 27.3 0.146 0.72 poor 
Heath Dark None 29.7 0.211 0.81 good 

) Dark Gravel ar 0.226 it. exc. 
Trough (4' x 1’) Indirect None ' 0.180 — poor 





"Length data incomplete, not included. 


Figure 1.—Atlantic salmon fry in a circular tank with bottom substrate of pea- 
size gravel. 
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Figure 2.—Puget Sound, Wash., site of marine culture of Pacific salmon and 
pilot studies on Atlantic salmon at the NMFS Northwest and Alaska Fisheries 
Center, Manchester Marine Experimental Station (X), where aquaculture research 


is conducted. 


After experimenting with many differ- 
ent rearing conditions, I found that the 
following conditions were most con- 
ducive to successful early rearing. 


Circular Tanks 


Circular tanks 1.2 m (4 feet) in 
diameter supplied with water moving at 
about 12-15 cm (0.4-0.5 feet) per sec- 
ond were nearly self cleaning and as- 
sured that the fish would continue to 
respond to artificial feeds (OMP). Even 
gravel-incubated fish responded poor- 
ly to artificial feeds when reared in 
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straight troughs with water velocities 
from 3 to 15 cm (from 0.1 to 0.5 feet) 
per second. 


Shallow Water 


Newly emerged fry continued to 
respond well to artificial foods when 
kept at a depth of 5-10 cm (0.16-0.32 
feet). At greater depths, the fry stayed 
on the bottom. When the fish reached a 
weight of 1 g (0.04 ounce), the water 
depth was increased to 30 cm (0.98 
feet) with no adverse effects on feed- 
ing response. 


Bottom Substrate 


Simulation of natural stream bottom 
substrate was necessary to prevent 
crowding of fry near the outlet screen 
(Fig. 1). Substrates of gravel or dark 
gray painted blotches caused the fish to 
disperse evenly. Plastic materials have 
also been suggested to simulate a bot- 
tom substrate for Atlantic salmon fry 
(Leon, 1975). 


Proper Loading Densities 


A rearing density of 200 swim-up fry 
per 900 cm? (1 foot” ) of tank produced 
smolts with minimum loss. One-half 
that density (100 fish per 900 cm”) was 
used once the fish reached a size of 7 g 
(0.25 ounce). Substantially higher or 
lower densities were detrimenta! to 
feeding response and at higher densities 
disease incidence was greater. 


Water Temperatures of 12 .4°-13 .2°C 


Temperatures elevated by 2°-5°C 
over ambient to about 12.4°-13.2°C 
were necessary to evoke a surface 
feeding response from newly emerged 
fry. This procedure was essential to 
successful rearing with the OMP diet. 
At lower temperature the fish remained 
on the bottom, and excessive food 
accumulated on the bottom resulting 
in increased disease. 


Saltwater Rearing 


Saltwater rearing from smolt to adult 
stage was done at the Manchester Ma- 
rine Experimental Station (Fig. 2). 
There, waters are protected by the 
mainland on the south and Bainbridge 
Island on the north. Salinity ranged 
from 26 to 30%, and biweekly mean 
temperature varied from 7.1° to 13.9°C 
(range from 6.6° to 15.4°C) (Fig. 3) 
during the experimental rearing period. 

The Atlantic salmon smolts were 
transferred directly from fresh water to 
salt water and held in floating, knotless, 
nylon net pens 1.2 X 2.4m(4 X 8 feet) 
and 2 m (6.5 feet) deep. As the fish 
grew, the net pen size was increased 
to an eventual size of 4.8 m (16 feet) 
on a side with a maximum depth of 
3.7 m (12 feet). Mesh opening (hang- 
ing) varied from 0.6 cm (0.25 inch) 
at the outset to 2.5 cm (1 inch) for 





adults. Commercial OMP diet was used 
throughout the saltwater rearing period 
with the exception of 10 percent supple- 
mental feedings of crustaceans and 
whole anchovy or herring 2 months 
before spawning of the 1971 brood 
only. The fish were examined for 
growth and maturation on an inter- 
mittent basis (Fig. 4-7). 


1st Maturation 
changes 


he Spawning 
SW. Entry 
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Results 


Freshwater Growth and Survival 


The optimum water temperature for 
growth of Salmo spp. is between 10° 
and 17°C (Huet, 1972). The winter 
temperatures of most natural fresh wa- 
ters in North America decline to less 
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Figure 3. —Biweekly mean water temperatures during the saltwater rearing of 1971, 


1972, 1974, and 1975 brood Atlan 


tic salmon in Puget Sound, Wash. 


Figure 4.—Net-pen reared Atlantic salmon, 2-5 kg (5.5-11.0 pounds), are crowded 
prior to removal for individual measuring. 


than 7°C, whereas water temperatures 
during the summer may exceed 20°C. 
The result is that most Atlantic salmon 
from natural and artificial rearing envi- 
ronments of North America reach the 
smolting stage in their third spring (2+ 
years old). In many colder locations the 
smolt stage is not achieved until after 
3+ years of rearing. Atlantic salmon 
must reach an approximate fork length 
of 10 cm (4 inches) near the end of the 
summer-fall growing season if they are 
to attain parr-smolt transformation 
in the spring (Elson, 1957); and for 
a variety of reasons, but primarily 
temperature, Atlantic salmon do not 
achieve the size at most rearing sites 
until the end of their second grow- 
ing season. 

However, Atlantic salmon smolts 
were produced in 13-15 months in 
Oregon when reared at a constant tem- 
perature of 10.5°C°. Likewise, in our 
growth trials we were able to produce 
yearling smolts using heated water 
ranging from 12.4° to 13.2°C (from 2° 
to 5°C over ambient) during fry rearing 
and temperatures ranging from 8° to 
15°C for a substantial part of the 
remaining freshwater rearing period 
(Fig. 8). The smolts reared by NMFS 
from the 1972, 1974, and 1975 broods 
grew to mean weights of 22.6, 37.7, 
and 19.6 g (0.80, 1.33, and 0.70 
ounces), respectively. 

The much greater size achieved by 
the 1974 brood (Fig. 8) was at least in 
part due to their being reared in warmer 
water than the 1975 brood from the 18th 
to the 54th week after initial feedings. 
Total thermal units (T.U.) (1 T.U. = 
1°C for 24 hours) accumulated were 
4,600 and 4,100 for the 1974 and 1975 
broods, respectively. The 1974 brood 
fry also emerged from gravel incuba- 
tion at a greater average weight than the 
1975 brood (Table 1). Growth of the 
1972 brood was not plotted due to the 
lack of complete temperature data. 

Survival of the experimental rearing 
lots in fresh water ranged from 0 to 
86 percent. When the aforementioned 
rearing requirements were not met 


*Morton, G. 1972. Oregon Dep. Fish. Wildl., 
Wizard Falls Hatchery, Sisters, Oreg. Pers. 
commun. 
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in their entirety, survival was less 
than 40 percent in every case. How- 
ever, when all conditions were met 
during the rearing of the 1974 and 1975 
broods, the survival was 86 and 73 
percent, respectively. 


Seawater Adaptation 


Yearling Atlantic salmon smolts 
from the 1972, 1974, and 1975 broods 
entered salt water in February, March, 
and April, respectively (Fig. 9) at 
weights ranging from 19.6 to 37.7 g 
(from 0.70 to 1.33 ounces). All were 
transferred directly from fresh to salt 
water when they exhibited visual signs 
of smolting, i.e., loss of parr marks, 
silvery appearance, decrease in the 
condition index value, and black fringe 
on caudal and dorsal fins. 

Each of the stocks transferred sur- 
vived at a rate of 96 percent or more for 
30 days after transfer. Only the 1975 
brood, which had a substantia! number 
of fish under 10 cm (4 inches) in fork 
length, showed significant incidence of 
parr reversal or nonadaptation to salt 
water. Reversal was in approximately 
the same percentage (24 percent) as the 
number of fish under 10 cm (4 inches) 
in length. 

The 1971 brood smolts were obtained 
from the ODFW as large parr in the 
summer of 1972 and were held in fresh 
water until they were 18 months old or 
about 5 months past the normal smolt- 


ing age. At the time of saltwater entry 
they ranged in weight from 150 to 260 g 
(from 5.3 to 9.2 ounces). All fish (n 


= 31) over 180 g (6.3 ounces) in weight 
( ¥ = 200 g or 7.0 ounces) survived the 
direct transfer to saltwater with no later 


Figure 5.—A large adult Atlantic salmon is re- 
moved from the rearing pen for measurement. 


Figure 6.— Adult Atlantic salmon in net pens at Manchester, Wash. 
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reversion to parr. Only one of the 
smolts less than 180 g (6.3 ounces) 
survived in salt water for more than 
2 months. Thus, successful saltwater 
adaptation in this stock of Atlantic 
salmon took place over the entire late 
winter-spring smolting period when the 
fish had reached a size of 10 cm (4 
inches) or greater. But, when the fish 
were held beyond the normal smolting 
period, perhaps beyond the summer 
solstice (21 June), a much greater fish 
size was necessary to assure survival. 


Saltwater Growth and Survival 


Saltwater growth was plotted on a 
T.U. basis because of the widely varied 
saltwater entry dates for each of the 
smolt groups (Fig. 9). On that basis the 
1972, 1974, and 1975 broods, which all 
entered salt water at the peak of smolt- 
ing as determined by visual cues, grew 
to a similar size after 4,000 T.U. Thus, 
as expected, the smaller smolts grew 
faster, negating the apparent advantage 
of growing larger smolts. However, the 
smallest smolts (1975 brood) had a 
relatively high rate of parr reversals 
(24 percent). Parr were not included 
in growth analysis. 

Growth of the 1971, 1972, and 1974 
broods between 200 and 1,000 g (7.0 
and 35.2 ounces) in weight was accom- 
plished with a similar number of T.U.’s 
(2 600-3 000). However, their growth 
after that size was apparently affected 
by factors other than temperature. Dur- 
ing that period the 1974 brood grew to 
3.4 kg (7.5 pounds) using only about 
half the number of T.U.’s (2,600) used 
by the 1971 brood. 

The slower growth of the 1971 brood 
was unexpected since they began that 
growth segment during early summer 
when the sea temperature was increas- 
ing. On the other hand, the rapid 
growth of the 1974 brood took place 


Figure 7. —Individual Atlantic salm- 
on are 1) anesthetized, 2) measured, 
and 3) returned to net pens. 


in the fall and winter months. 

In July 1975, the growth of the 1971 
brood declined, coinciding with the 
onset of maturation. By late February 
of 1976, maturing fish had recovered, 
and in the spring and early summer of 
1976 a growth surge of about 2.0 kg 
(4.4 pounds) per fish occurred, result- 
ing in a mean weight of 6.7 kg (14.8 
pounds) and an upper range of 9.0 kg 
(19.8 pounds). This growth surge was 


coincidental with a rise in temperature 
from 7° to 12°C (Fig. 3). 

The loss of all 1971 and 1972 brood 
Atlantic salmon to poachers shortly 
after the last weighing on 10 June 
1976 prevented complete evaluation of 
growth, « urvival, and maturity through 
5 years of total age. 

Survival of the 1971 brood Atlantic 
salmon from the time of entry in salt 
water to the total age of 4 years was 
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90.3 percent, while the 1974 brood 
survival after 24 months in salt water 
was 92.4 percent. Survival figures are 
not available for the 1972 and 1975 
broods due to escape and animal preda- 
tion. River otters, Lutra canadensis, 


@ 1974 Brood Atlantic Salmon Growth 
A 1975 Brood Atlantic Salmon Growth 
--- 1974 Brood Rearing Temperature 
— 1975 Brood Rearing Temperature 


Mean weight (g) 





were responsible for nearly complete 
losses of smolts—as many as 2,400 
fish in a single night. Some of these 
smolts were eaten and others escaped 
through holes in the nets that had been 
torn by the otters. 


Estimated curve 








50 


Time reared (weeks) 


Figure 8.—Freshwater growth and rearing temperatures of Atlantic 
salmon reared at the Northwest and Alaska Fisheries Center, Seattle, Wash. 
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Figure 9.—Size range, mean, and standard deviation of Atlantic salmon reared in 
saltwater pens in Puget Sound, Wash. 
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Disease and Treatment 


Resistance to endemic saltwater dis- 
eases of native Puget Sound fish was 
indicated by all of the Atlantic salmon 
groups reared at the Manchester site, 
with the exception of furunculosis, 
Aeromonas salmonicida. This disease 
was detected in the 1971 brood adults 
shortly before the first spawning 22 
months after entry in salt water and in 
the 1975 brood smolts shortly after 
entry into salt water. The minor inci- 
dence of furunculosis in adult matur- 
ing fish was controlled by addition of 
the antibiotic chloramphenicol (Chlo- 
romycetin) at a level of 0.1 percent in 
the diet (Van Duijn, 1967). We have 
concluded that this treatment should be 
administered prophylactically at least 
40 days prior to smolting and shortly 
before adult maturation. 

Vibriosis, a saltwater bacterial dis- 
ease common to Pacific salmon held 
in net pens in Puget Sound (Hodgins 
et al., 1977) and caused by Vibrio 
anguillarum was not a problem during 
our rearing of Atlantic salmon. To 
check for disease resistance, I purpose- 
ly declined to vaccinate for vibriosis. 
The only detectable incidence of vi- 
briosis occurred in the 1975 brood 
smolts shortly after entry in salt water 
and secondary to furunculosis. We 
observed that vibriosis is not a serious 
disease of the genus Salmo; cutthroat 
trout, S. clarki, and steelhead trout, 
S. gairdneri, both appear to have good 
natural immunity to the disease. 

Minor occurrences of frayed fins and 
epidermal necrosis, typical symptoms 
of infections by myxobacterial orga- 
nisms, were controlled with malachite 
green treatments at 1:19,000 concentra- 
tion for 12 seconds and oxytetracycline 
(Terramycin) administered in the feed 
at the rate of 2 percent active ingredient 
for a period of 10 days. 

Bacterial kidney disease (BKD), 
Corynebacterium sp., a previous prob- 
lem with pen-reared brood stock of 
Pacific salmon®, was not evident or 


®Novotny, A. J. 1978. Manchester Marine 
Experimental Station, Northwest and Alaska 
Fisheries Center, NMFS, NOAA, Manchester, 
Wash. Pers. commun. 





detected during routine etiological 
examinations of Atlantic salmon mor- 
talities. Smolts of the 1971 brood were 
treated with the drug sulfasoxazole 
(Gantrisin) (10 g (0.35 ounces)/100 
pounds of fish/day for 10 days) every 
60 days prior to smolting as a pro- 
phylactic measure. None of the other 
broods were treated in any way to 
prevent BKD. 


Sexual Maturation 


Adults from the 1971, 1972, and 1974 
broods matured in seawater. About 30- 
40 percent of the males matured at 3 
years of age. However, no 3-year-old 
females matured. Both the 1971 and 
1972 broods were progeny of 5-year- 
old parents (footnote 5), while the 1974 
brood parents were 4 years of age. 

Seven fish (4 males and 3 females) or 
25 percent of the surviving 1971 brood 
fish (n = 28) matured at 4 years of 


age. We presumed that the remaining 
75 percent would have matured in their 
fifth year with perhaps a few matur- 
ing in their sixth year. Two mature 
females were lost to osmoregulatory 
stress shortly before spawning, but a 
third female was successfully spawned 


with two males, producing 4,324 fertil- 
ized eggs. These eggs produced 3,580 
hatched alevins (82.7 percent survival). 
The one female that was spawned had 
a fork length of 64.3 cm (25.3 inches) 
and a total weight of 3.4 kg (7.5 
pounds). Postmortem examination of 
the other two mature females with fork 
lengths of 62.5 cm (24.6 inches) and 
68.0 cm (26.8 inches) revealed 4,515 
and 4,916 eggs, respectively. 

Fifty females (72.5 percent of the 
1974 brood adult females) matured at 4 
years of age, indicating that age at 
maturity is influenced substantially by 
genetic factors. Forty-one of the fe- 
males, averaging 4.1 kg (9.13 pounds) 
in weight, survived all aspects of han- 
dling. They produced an average of 


5,625 eggs per female or 1 ,370/kg (616/ 
pound) body weight and a total quantity 
of 230,650 eggs. The weight/fecundity 
relationship of the 1974 brood is shown 
in Figure 10. 

The eggs of the three 1971 brood 
females appeared to be of excellent 
quality and were orange-red — possibly 
the result of the supplemental (10 per- 
cent of daily ration) feedings of fresh 
crustaceans and anchovy for 2 months 
prior to spawning. Eggs from the 1974 
brood females, however, were pale 
yellow. No supplemental carotenoid 
was fed to the 1974 broodstock prior 
to maturation. 

Of note is that the alevins produced 
from both the 1971 and 1974 brood 
adults did not develop pinched-off pos- 
terior portions of the yolk sac as noted 
by others working with this species 
(footnote 5) despite being incubated in 
a stock Heath incubator. All of the 
original lots we obtained from ODFW 
as eyed eggs produced alevins that had 
constricted yolk sacs during incubation, 
including those incubated in gravel. 
We have not yet determined the reason 
for this difference. 
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Figure 10.—Weight vs. fecundity 
relationship of 1974 brood Atlantic 
salmon reared to maturity in salt- 
water net pens in Puget Sound, 
Wash. 


Conclusions 


Atlantic salmon can be reared suc- 
cessfully in Pacific Northwest waters 
using techniques employed for rearing 
Pacific salmon, including the recently 
developed net pen culture systems in 
salt water. There appear to be no ad- 
verse factors in the rearing cycle that 
cannot be controlled with known fish 
cultural techniques. The mild tempera- 
tures in the area are conducive to 
production of yearling smolts. Salt- 
water rearing posed no particular diffi- 
culty; adult fish ranging from 2.5 to 
5.0 kg (from 5.5 to 11.0 pounds) and 
from 5.1 to 9.0 kg (from 11.2 to 19.8 
pounds) were produced at 4 and 4.6 
years of age, respectively. Adult fish 
produced viable eggs and sperm; they 
had a subsequent hatch rate of over 
80 percent. 
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Guianas-Brazil Shrimp Fishery and 
Related U.S. Research Activity 


ALEXANDER DRAGOVICH 


Introduction 


In the 1940’s and 1950’s, teams of 
explorers, sponsored by the Caribbean 
Commission, Surinam Government, 
and U.S. Government, located large 
aggregations of penaeid shrimp off the 
northeastern coast of South America. 
Based on the encouraging results of 
these surveys, a commercial shrimp 
trawling operation began in the late 
1950’s. With the United States and the 
Guianas first—followed by Trinidad, 
Brazil, and Barbados— Japan, Korea, 
Venezuela, and Cuba rushed (in the 
1960’s and 1970’s) to grab a share of 
this newly discovered “gold mine,” 
known as the Guianas-Brazil offshore 
shrimp fishery. 

The Guianas-Brazil fishery grounds 
extend from Trinidad to south of the 
Amazon River (Fig. 1). Brown shrimp, 
Penaeus subtilis, pink-spotted shrimp, 
P. brasiliensis, pink shrimp, P. notial- 
is, and white shrimp, P. schmitti, are 
harvested from these grounds. A com- 
bination of factors—open season, 





ABSTRACT— United States research ac- 
tivity in connection with the Guianas-Brazil 
shrimp fishery is described. The fishery’s 
history is reviewed and catch and effort 
statistics are discussed. The fishery grounds 


extend from Trinidad south to the mouth of 


the Amazon River. Brown shrimp, Penaeus 
subtilis; pink-spotted shrimp, P. brasilien- 
sis; pink shrimp, P. notialis; and white 
shrimp, P. schmitti, compose the fishery. 
The analysis of catch statistics for all 
species combined for 1961-77 indicates that 
the overall catch has not increased parallel 
to the increase in fleet size, and that the total 
catch can be maintained at the 1978 level 
(15,000 t) or even increased slightly to a 
considerable increase in fleet size over the 
1978 level (501 trawlers). 
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absence of territorial restrictions, a 
well-designed and rugged Florida-type 
shrimp trawler, inexpensive and abun- 
dant fuel, favorable market conditions, 
ambitious highly skilled fishermen, and 
cooperation by local governments — 
accelerated the development of this 
multimillion dollar fishery. Processing 
plants were erected in the ports of 
Paramaribo (Surinam), Cayenne and 
St. Laurent (both French Guiana), 
Georgetown (Guyana), Port of Spain 
(Trinidad), Bridgetown (Barbados), 
and Belem (Brazil). The shrimp pro- 
cessed and packed at these plants were 
exported primarily to the United States 
and Japan. 

The number of trawlers and total 
landings for the period 1961-78 and the 
country where they are based are given 
in Table 1. The shrimp trawlers opera- 
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tory, Southeast Fisheries Center, National Marine 
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Drive, Miami, FL 33149. This is Contribution 
No. 81-03M from the Miami Laboratory, South- 
east Fisheries Center. 


ting in this fishery consist chiefly of 
Florida-type trawlers, fairly modern 
and uniform in size, and are equipped 
with fishing gear and refrigeration sys- 
tems. The vessels usually range from 
70 to 75 feet (21.3-22.9 m) in length. 
These trawlers are usually rigged to fish 
two trawls, 40-55 feet (12.2-13.7 m) in 
length with 8-10 foot (2.4-3.0 m) doors. 

The present U.S. fleet operates out 
of Cayenne, Paramaribo, and George- 
town. In earlier years our fleets also 
operated out of St. Laurent, Bridge- 
town, and Port of Spain. The numbers 
of U.S. boats from 1972 through 1978 
are shown in Table 2. 

The “good old days” in this restric- 
tion-free fishery began to crumble in 
1970, as Brazil declared a 200-mile 
economic zone. To fish in Brazilian 
waters, from 1972 to 1978, foreign 
vessels were issued licenses under bi- 
lateral agreements. The first in the 
series of 2- and 1-year agreements was 
signed on 9 May 1972 between the 
United States and Brazil. The last 
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Figure 1.—The Guianas-Brazil shrimping grounds with fishing zones and their 
common names. The U.S. Agreement Area is shaded; the boundaries of the Area 
and the fishing seasons for U.S. vessels are shown in the inset. 





Table 1.—Number of shrimp trawlers of various flag registries in the Guianas-Brazil fishery according to country 
where based. Cuban vessels operate with a mothership and use Guyana as a secondary base. Total landings are 


also given. 





Year Barbados Trinidad Venezuela Guyana 


Cuba 


Landings 
(t, whole 


Surinam FrenchGuiana Brazil Total weight) 





1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 


Data not available 
60 
72 
89 
81 
96 
105 
113 
134 
142 
162 
160 
175 
200 
202 
209 
190 
157 
148 


107 
66 
88 
90 


129 
58 


Lomond Iolo Tella st 


2,785 

3,095 

4,371 

7,430 

9,262 
11,230 
15,475 
17,222 
19,259 
19,136 
19,081 
15,500 
16,126 
19,606 
17,687 
15,567 
16,753 
19,361 
15,188 


40 
24 
25 


100 

96 
147 
187 
203 
281 
342 
362 
403 
421 
346 
370 
523 
561 
591 
586 
645 
501 


Se MS TU, 


165 





"In 1975 and 1976 these vessels fished south of the Equator, outside the U.S.-Brazil Agreement Area. 


Table 2.—Number of U.S. flag trawlers operating in the 
Guianas-Brazil shrimp fishery. 





With 
UB 
no.’ 


153 
193 


With 
UB 
no.’ 


99 
90 


Total 
no. 


153 
188 


Total 
no. 


134 
141 
122 
Incomplete 


Year 


1976 
1977 
1974 207 214 1978 
1975 157 92 1979 


"UB number identifies boats that had licenses to fish the 
Agreement Area of Brazil (see Fig. 1). 
? Half year. 


Year 


19727 
1973 








bilateral fishing agreement between 
these countries expired on 31 December 
1977. The number of fishing permits 
(Table 2) was limited and subjected to 
seasonal and other restrictions of the 
fishery in the Agreement Area (Fig. 1). 

In 1977, Guyana, Surinam, and 
French Guiana initiated a licensing 
system parallel to the establishment of 
their extended national offshore fishing 
jurisdiction. Prior to the era of extended 
offshore fishing jurisdiction and licen- 
sing by Brazil and the Guianas, the 
geographic fishing pattern for most of 
the fleets was to fish Brazilian waters at 
the beginning of the year (up to May), 
then a gradual shift to French Guiana 
grounds (from May to July), and further 
shift to the grounds off Surinam (July- 
September) and Guyana (September- 
December). A portion of the fleet 
followed no pattern and fished oppor- 
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tunistically throughout the entire area. 

A steep rise in fuel prices from about 
12 cents to 48-50 cents a gallon in 
1975 with associated inflationary prices 
of industrial products used by fisher- 
men drastically changed the pattern 
of fishing. 

These events restricted the fleets to 
fish only off their respective countries 
(a complete exclusion of Brazilian wa- 
ters from the fishery in 1978 and 1979), 
to practice more efficient fishing with 
less travel, to relocate portions of their 
fleet within the fishery, to sell an entire 
fleet in some instances, to withdraw 
from the fishery in other instances, and 
to try to negotiate joint ventures with 
Brazilians. The number of U.S. vessels 
in this fishery decreased from 1974 to 
1978 (Table 2). 


U.S. Research Activity 


United States research on the shrimp 
fishery off the Guianas and Brazil is 
aimed at providing assistance to our 
shrimp industries in the form of guide- 
lines for proper management of the 
fishery. 

Under the terms of the United States- 
Brazil Bilateral Fishery Agreement, we 
began to collect catch and effort statis- 
tics in 1972 from our vessels that fished 
in the Agreement Area. The entire data 
were submitted each month to the 
SUDEPE, Programa de Pesquisa e 


Desenvolvimento Pesqueiro do Brasil, 
the Brazilian equivalent of NMFS (Na- 
tional Marine Fisheries Service). We 
also collected catch and effort statistics 
from our fishing fleet off the three 
Guianas. Catch and effort data col- 
lected from 13 statistical zones (Fig. 1), 
were recorded by boat captains on a 
logbook form designed by us. This 
form found wide acceptance in Sur- 
inam, French Guiana, and Guyana for 
their data collection. 

To learn more about the species 
distribution of shrimp, their biology, 
and associated fauna and ecology of 
the area, we conducted, from 1972 
to 1978, six research surveys of the 
area with the NMFS fisheries research 
vessel Oregon II. 

In 1976, we also initiated a port 
sampling program of shrimp landings 
to obtain more detailed biological data 
on species levels, which were not avail- 
able from captains’ logbook forms and 
landings statistics. 

The international character of the 
Guianas-Brazil shrimp fishery required 
acontinuous liaison between participat- 
ing countries. This liaison was chiefly 
in the form of periodic scientific con- 
ferences between the researchers of 
participating countries and members of 
the shrimp industry. Perhaps the most 
significant conference on this fishery 
was held in April 1979 in Panama City, 
Panama. Although this workshop was 
sponsored by the international project 
known as the Inter-regional Project for 
the Development of Fisheries in West- 
ern Central Atlantic (WECAF), U.S. 
participation in terms of people and 
contribution of reports clearly domi- 
nated this meeting. Our entire data base 
from this fishery, representing a period 
from 1972 to 1978, was presented at this 
meeting. 

At the beginning of our research 
activity, there was little information on 
this fishery, and most of it was scattered 
and fragmented. This report is primar- 
ily concerned with U.S. catch and 
effort statistics for 1975-77 but also 
includes other data for a more complete 
presentation of this fishery. The fol- 
lowing sections of this report include 
condensed, salient features of accom- 
plishments of our research. 
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Species Composition and Geographic 
Distribution, With Comments on 
Their Biology and Ecology 


The geographic distribution of the 
four species indicates definite patterns. 
Brown shrimp, the most abundant spe- 
cies, occurs throughout the fishery, 
being most common off Brazil and 
French Guiana. Pink-spotted shrimp is 
the second ranking species, occurring 
throughout the fishery but most abun- 
dant off Surinam and Guyana. Pink 
shrimp is third with verified records 
only off Guyana, Surinam, and the 
western part of French Guiana. The 
fishable populations (chiefly adult 
forms) of these three species are found 
mainly from 15 to 45 fm (27-82 m). 
White shrimp occur along the shallow 
portion (<37 m or 20 fm) of this 
fishery and are the least abundant. 

In our Oregon II surveys of the 
continental slope, we found commer- 
cial concentrations of scarlet prawn, 
Plesiopenaeus edwardsianus, at 350- 
450 fm (640-823 m). 

Based on observed depth ranges and 
on frequency of occurrence at different 
salinities, the adult forms of brown, 
pink, and pink-spotted shrimp may be 
considered as eulittoral and sublittoral 
marine organisms. The white shrimp 
may be defined as eulittoral, euryhaline 
organisms. The scarlet prawns may be 
considered as archibenthic, stenohaline 
organisms. 

In landing records, all species are 
reported together according to nine size 
(number/pound) categories (>50; 46- 
50; 41-45; 36-40; 31-35; 26-30; 21-25; 
15-20; and <15/pound). Similar to the 
observation for the 1972-74 period, the 
majority of shrimp landed by the U.S. 
fleet during 1975-77 were in the size 
categories 21-25, 26-30, and 31-35 
counts/pound. The size data indicate a 
trend by the U.S. fleet and by the 
Japanese fleet in landing progressively 
more shrimp in the small size cate- 
gories (>50 and 41-50) during the 
past few years. 

The size of shrimp in landings may 
represent a true picture on size avail- 
ability but in some instances may also 
reflect selective forms of fishing as 
influenced by market price of shrimp, 
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fuel prices, feasibility of operation, 
skill of the crew, and condition of 
the boat. 

Similar to the 1972-74 observations, 
data for 1975-77 indicated a prevalence 
of small sizes in March 1975 and 1976 
and April 1977. The largest sizes were 
in January, November, and December 
1975 and 1976; intermediate sizes oc- 
curred during the summer months. The 
monthly peak of small size shrimp in 
March and April might be indicative 
of seasonal recruitment. Spatially, the 
largest sizes of brown, pink-spotted, 
and pink shrimp in 1975-76 were noted 
off Surinam and off eastern French 
Guiana. 

Both Brazilian and U.S. data provide 
information on occurrence of juvenile 
brown shrimp. Brazilian reports state 
that juvenile brown shrimp are taken 
throughout the year by the artisanal 
shrimp fishery in Maranhao-Para, Bra- 
zil. Our data also indicate that small 
brown shrimp predominate in the 
catches off Amapa, Brazil, and eastern 
French Guiana, especially in March 
and April. A second area of occurrence 
of small brown shrimp is off Guyana. 
These observations may suggest that 
young shrimp are being recruited onto 
the fishing grounds principally for these 
areas. Based on information from the 
Surinamese Division of Fisheries, the 
juveniles of pink-spotted shrimp were 
identified in the estuarine Surinamese 
waters from April to June. Additional 
field work is required to delineate a 
precise spatial distribution of various 
sizes of shrimp. 

Our Georgetown port sampling 
yielded information on sizes, sex ra- 
tios, and occurrence of four maturity 
stages of females on the species level. 
As in other shrimp populations, United 
States and Brazilian studies have shown 
that female brown, pink-spotted, and 
pink shrimp in this fishery reach larger 
sizes than males. The sex ratio for 
brown shrimp in 1976 was 1:1; in 1977 
and 1978 the males outnumbered fe- 
males by 2:1 and 3:1. For pink-spotted 
shrimp, males outnumbered females 
for all 3 years as the ratio progressively 
increased from 1.6:1 to 3.1:1 from 1976 
to 1978. In 1976, male pink shrimp 
outnumbered females 1.6:1; in 1977 and 


1978 the sex ratio was about 1:1 for both 
years. In white shrimp the sex ratio was 
about 1:1 for the 3 years. 

The data on temporal occurrence 
of maturity stages of four species of 
shrimp showed irregular peaks. For 
proper interpretation of these peaks of 
abundance, additional work in the area 
of sampling will be necessary. The four 
maturity stages from I to IV indicated 
immature, maturing, mature, and spent 
condition of their gonads. All four 
stages of maturity for each species 
occurred during each month of the 
year, indicating year-round spawning. 
In 1976, all maturity stages of brown 
shrimp occurred each month during the 
entire period of observation (June- 
December); in 1977 stages I and II 
made up the bulk of samples, stage III 
was less numerous than stages I and II, 
and stage IV consisted each month of 
a few specimens. In 1978, stages I and 
II completely dominated the samples, 
while stages III and IV were poorly 
represented. The occurrence of maturi- 
ty stages of pink-spotted shrimp for 
1976 and 1977 lacked a pattern. In 
1978, stage I of pink-spotted shrimp 
made up the bulk of this species. The 
occurrence of maturity stages of pink 
and white shrimp exhibited a lack 
of pattern. 


Annual and Monthly Landings 


The maximum U.S. catch of 13.6 
million pounds was attained in 1973. In 
1974, our catch dropped to 9.0 million 
pounds; in 1975 and 1976 it decreased 
to 6.8 and 5.9 million pounds; and in 
1977 it increased to 8.2 million pounds. 
United States landings represented 
49.8, 38.9, 35.2, 30.4, and 37.6 per- 
cent of the total international landings 
for 1973, 1974, 1975, 1976, and 1977. 
The maximum number of U.S. vessels 
(207) was reached in 1974 after a record 
harvest in 1973. During 1975, 1976, 
and 1977 a decline in the number 
of boats of 24, 35, and 32 percent 
was experienced. Except for 1972 and 
1974, the mean annual catch of U.S. 
vessels was higher than the correspond- 
ing values for foreign boats combined 
(Fig. 2). 

The monthly distributions of U.S. 
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landings from processing plant records 
and logbooks for the Guianas and Bra- 
zilian waters showed higher catches 
from March to July than during the 
remaining months of the year (Fig. 3). 
The mean hourly catch rates indicated 
higher catches during the first half of 
the year than during the second (Table 
3). Off Braz‘! the catch rate for 1976 
was 47 percent more during the first 
half than during the second, indicating 
that penaeids were more available to 
fishermen during the January-June pe- 
riod than the July-August period. 


Catch Per Unit of Effort (CPUE) 


In this report I use the mean annual 
catch per boat and catch per hour of 
actual fishing as methods of expressing 
CPUE. The mean annual catch rates for 
U.S. vessels in thousand of pounds 
were 72.3, 43.5, 43.4, 44.2, and 58.6 
for 1973 through 1977. The highest 
monthly catch rates for the 3 years 
reported here were off Brazil (Fig. 
4,5). 

The distributions of mean hourly 
catch rates and fishing effort of all 
species combined for 10 depth intervals 
are shown in Figures 6 and 7. The 
distribution of hourly catch rates for 
1975 varied slightly throughout all 
zones and depths fished. Most of 
the catch rates were within the 10-30 
pounds category. During 1976 the high- 
est catch rates were off French Guiana 
and Brazil at depths of 20.1-36.6 m 
(11-20 fm). The catch rates for Brazil 
were higher for all fishing depths than 
those off Guyana, Surinam, and west- 
ern French Guiana. The catch rates off 
Guyana, Surinam, and a part of French 
Guiana (zones 75 and 76) were fairly 
uniform. During 1977 the highest catch 
rates were off French Guiana and 
Surinam at 11.0-36.6 m (6-20 fm) 
depths; off Brazil high catch rates (21.0 
pounds) were obtained for the entire 
depth range fished; off Guyana the 
catch rates varied slightly over the 
entire depth range. 

Most of the effort for the entire 
fishery was concentrated at intermedi- 
ate depths, between 36.6 and 64.0 m 
(21 and 35 fm)—S53 percent for 1975, 
59.1 percent for 1974, and 55.9 percent 
for 1977 (Table 4). At depths <36 m 
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Figure 2.—Yearly landings of 
shrimp (heads-off weight), average 
number of active boats, and average 
catch per boat for the Guianas-Brazil 
fishery (1972-77). 
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Table 3.—Mean catch of headless shrimp per hour 
of trawling by U.S. flag vessels of the Guianas-Brazil 
fishery, 1972-77. For statistical zones, see Figure 1. 


Zones 69-77 Zones 78-81 All zones 
Year Ib kg Ib kg Ib kg 


1972 
Jan.-June 
July-Dec. 
Jan.-Dec. 
1973 
Jan.-June 
July-Dec. 
Jan.-Dec. 
1974 
Jan.-June 
July-Dec. 
Jan.-Dec. 
1975 
Jan.-June 
July-Dec. 
Jan.-Dec. 
1976 
Jan.-June 13.88 a 11.0 
July-Dec. 9.48 st 5.9 
Jan.-Dec. 11.82 J 9.2 
1977 

Jan.-June 7.82 : 13.1 
July-Dec. 10.21 : 7.3 
Jan.-Dec. 9.57 : 16.0 
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Figure 3.— Monthly shrimp catches (heads-off weight) of U.S. vessels by area for 
the Guianas-Brazil fishery. Vertical lines represent the total U.S. landings reported 
by the processing plants and are given by months in which the landings were made. 
Vertical bars represent the “haul” on estimated catches of U.S. vessels submitting 
logbooks and are reported by months of capture. The shaded area of the vertical bar 
represents the portion of the logged catches recorded from the U.S.-Brazil Shrimp 


Agreement Area. 


(<20 fm), the fishing effort was 25.8 
percent, 18 percent, and 14.9 percent 
for 1975, 1976, and 1977; at depths 
>64 m (>35 fm), the effort was 20.8 
percent, 22.7 percent, and 29.3 percent 
for 1975, 1976, and 1977. The distribu- 
tion of fishing effort at 10 selected 


depth intervals indicated a geographic 
pattern (Fig. 7). Off Guyana (zones 69- 
71) most of the fishing was between 
20.1 and 54.9 m (11 and 30 fm), off 
Surinam (zones 72-74) and French 
Guiana (zones 75-77) the fishing effort 
was between 29.3 and 82.3 m (16 and 
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Figure 4.— Monthly distribution of the mean catch rates of shrimp (heads-off weight) for U.S. vessels fishing off the 
Guianas (zones 69-81), 1975-77. 














45 fm), and off Brazil it was in deep- 
er water. 
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For the entire fishery, the average 
time spent night fishing was 2.8 times 
more than day fishing. The data on the 
time of day or night spent in fishing also 
showed the existence of areal differ- = 
ences (Fig. 8). Off Guyana, Surinam, -|-|-l@ * 
and a large portion of French Guiana WEIGHT (HEADS-OFF) PER HOUR 
(zones 75 and 76), most of the fishing POUNDS: 
was at night. Except for East Gullies °<” oa0.2-28 pte 
(zone 79) off Brazil, the reported fish- Wis tic es sore asiies 


ing effort off French Guiana (zone 77) Figure 5.—Mean monthly U.S. catch rates of shrimp (heads-off weight) 
and off Brazil (zones 78, 80, and 81) according to statistical zones for the Guianas-Brazil fishery, 1975-77. See 
was on a 24 hour per day basis in more Figure | for location of fishing zones. 
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Table 4.— Distribution of fishing effort in the Guianas-Brazil fishery (zones 69-81) 1975-77 expressed as hours fished, according to several depth intervals. 





Depth intervals in meters and fathoms 
11-18.3 20.1-27.4 29.3-36.6 38.4-45.7 47.5-54.9 56.7-64.0 65.8-73.2 75.0-82.3 84.1-109.7 
Item 6-10 11-15 16-20 21-25 26-30 31-35 36-40 41-45 46-60 Percent 
1975 


Hours fished 8,614 48,492 21,326 63,875 72,773 47,936 31,427 33,918 6,760 40.2 
Percent 2.5 14.0 6.2 18.5 21.0 13.8 9.1 9.8 1.9 








1976 
Hours fished 3,860 29,084 9,798 61,108 57,880 46,367 21,087 34,392 8,173 
Percent : 1.4 10.4 3.5 21.8 20.7 16.6 7.5 12.3 2.9 


1977 
Hours fished 14,434 10,169 53,484 48,577 29,683 23,270 38,681 235,192 
Percent \ 6.1 43 22.7 20.6 , 12.6 9.9 16.4 
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than half of the observations. In the 
East Gullies, a large portion of the 
fishing was done during daytime. 

Mean hourly catch rates of day fish- 
ing were considerably higher than those 
obtained at night throughout the fishery 
(Table 5). Examination of plots of day 
and night catches on the species level 
indicated existence of areal and diurnal 
differences. All four species were 
caught during day and night, but not in 
all zones. Brown shrimp were caught 
during day and night in all zones; pink 
shrimp were caught primarily during 
the night in all zones with the highest 
catches in zones 78-80 (West Gullies, 
East Gullies, and Drop Off Ridges). 
During the daytime pink shrimp were 
caught only in zones 69-71, 76-79, and 
80. Pink-spotted shrimp were caught at 
night in all zones, except zone 81; 
daytime catches of pink-spotted shrimp 
were recorded in most zones (except 
74,75, and 81), with the highest catches 
in zones 74, 76, and 77; catch rates 
were much higher during the day than 
at night. 


Stock Evaluation 


Even though there are perhaps sev- 
eral fishable stocks of shrimp in the 
Guianas-Brazil fishery, data are needed 
to substantiate this supposition. For the 
purpose of assessing general trends we 
are considering this fishery to be repre- 
sented by one fishable stock with all 
species combined. Based on catches 
from all operating fleets the conclusion 
on stock evaluation, as reached at the 
last WECAF meeting (April 1979), is 
presented here. 

The period from 1960 to 1965 can be 
considered as the expansion period for 
this fishery. From 1965 onward the 
nominal commercial landings from the 
offshore Brazil-Guianas area remained 
fairly level from 15,000 to 20,000 t 
whole weight as the number of vessels 
varied from 350 to 650 (Table 1). A plot 
diagram of the number of vessels and 
the recorded catch indicates that the 
overall catch has not decreased in re- 
cent years parallel to the increase in 
fleet size and that the total catch can be 
maintained at the 1978 level (15,000 t) 
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Table 5.—Mean hourly catch rates of shrimp for day (D), night (N), and 
both day and night (B) of fishing in the fishing zones of the Guianas-Brazil 


fishery. Units are in pounds. 





1975 


1976 1977 





D N B 


N 





18.2 11.8 11.7 
17.7 11.3 10.8 
16.6 11.3 10.2 
15.3 11.1. 10.7 
13.8 12.1 13.3 
18.3 125 13.6 
176 12.4 19.3 
17.9 13.5 15.4 
19.0 13.8 16.6 
17.7 142 13.5 
20.9 15.0 15.5 
19.9 176 162 
21.3 


10.1 
10.2 

9.7 
9.3 
10.9 
10.0 
10.3 
UR 4 
12.7 
17.8 
18.5 
21.8 
31.6 





or perhaps increased slightly with a 
considerable increase in fleet size over 
the 1978 level (Fig. 9). These statistics 
do not account for: 1) Possible future 
environmental changes of the adjacent 
estuaries which could effect recruit- 
ment of penaeids to offshore areas; 2) 
possible overfishing of juveniles, re- 
sulting in a depressed yield per recruit 
and thus decreased long-term yield; or 
3) concomitant changes in areal abun- 
dance of shrimp on species level which 
may have been offset by changing 
patterns in areal fishing. 

The statistics of several national and 
area-specific fleets portray different 
trends (Fig. 10), which may be partially 
attributed to the fact that these fleets 
fish different portions of the resource. 

The Brazilian fleet fishes primarily 
for brown shrimp in the inshore area 
south of the Amazon River and the 
offshore area along the entire coast, 
north and south of the Amazon. From 
1969 to 1973 the Brazilian-Belem fleet 
fished along the northern coast of Bra- 
zil; the number of vessels increased 
from | to 37 and vessel catch varied 
each day without evident trend (Fig. 
10). Starting in 1974, in the area off 
Tutoia, located southeasterly of the 
Amazon, the Brazilian fleet located 
productive shrimp grounds and fished 
them, as well as the areas north of the 
Amazon. Catch per boat increased from 
28 t in 1974 to 53 t in 1978, as the fleet 
size varied from 25 to 52 vessels. Catch 
per day also increased. 

The Japanese fleet fished the en- 


tire offshore fishery and their catches 
were dominated by adult pink-spotted 
shrimp (80 percent). The catch per unit 
of effort generally decreased from 1966 
onward (Fig. 10), even though the fleet 
fished different locations to prevent 
decline in catch rates. The long-term 
drop suggests a decline in the abun- 
dance of pink-spotted shrimp. Prior to 
1977, the U.S. fleets based in French 
Guiana, Guyana, and Surinam fished 
the entire shelf off these countries for 
all four species of shrimp. Most of the 
catch was brown shrimp; pink-spotted 
shrimp was second (U.S. data). The 
overall drop in kilograms caught per 
day fished from French Guiana-based 
vessels concomitant with decreasing 
effort could reflect the drop in abun- 
dance of pink-spotted shrimp as in- 
dexed by the Japanese CPUE and a 
general gradual decrease in overall 
offshore abundance of brown shrimp. 
That trend is corroborated by catch per 
vessel abundance indices of Guyana 
and Surinam-based fleets (Fig. 10). 

Data from the Brazilian, Japanese, 
and U.S. fleets on species level sug- 
gests a general decreasing trend in the 
abundance of pink-spotted shrimp and 
a general gradual decrease in overall 
abundance of brown shrimp. 

At the WECAF meeting it was also 
realized that the estimates of MSY 
would not be very meaningful because 
there was lack of information on: 1) The 
inshore fishery of juveniles in nursery 
areas; 2) temporal changes in species 
composition of offshore catches during 
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with a moderate in- 


accurate measures of CPUE indices 
crease in fleet size. Statistics from 


of abundance for the species that 
are consistent throughout the time 


the period in question; and 3) species- 
directed effort necessary to develop 
period. Gross statistics (Fig. 10) sug- 
gest that: 1) Total offshore catch de- 
clined from the maximum level of 
earlier years, 2) the 1978 catch level 
can be maintained at the current level 
of fishing effort, and 3) the total catch 
can probably be slightly increased over 


the 1978 level, 
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Figure 8.—Distribution of reported U.S. catch and effort (both expressed as percentage of the total) by the time of the 
day and fishing zone for the Guianas-Brazil fishery, 1975-77. 
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Figure 10.—Trends in catch per unit of effort by different fishing fleets. 


individual national fisheries indicate: 
1) The abundance of brown shrimp off 
Brazil has not decreased; 2) the abun- 
dance of pink-spotted shrimp off north- 
ern grounds (statistical areas 69-77) 
has decreased over the past few years; 
and 3) the abundance of brown shrimp 
off northern grounds (statistical areas 
69-77) may have undergone a gradual 
decrease. 
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Rope Culture of the Kelp 
Laminaria groenlandica in Alaska 


ROBERT J. ELLIS and NATASHA I. CALVIN 


Introduction 


The brown seaweed or kelp, Lam- 
inaria groenlandica, which is abundant 
in the nearshore subtidal waters of 
southeastern and central Alaska, may 
have great potential for aquaculture. 
In Alaska, naturally occurring L. 
groenlandica is harvested in fisheries 
of Pacific herring, Clupea harengus 
pallasi, eggs on kelp in Prince William 
Sound. In British Columbia, L. groen- 
landica and another species of kelp, 
Macrocystis integrifolia (Fuoco, 1980), 
have been gathered and hung on ropes 
in ponds with spawning herring to pro- 
duce herring eggs on kelp. Laminaria 
groenlandica is also a desirable sea 
vegetable having excellent texture and 
flavor in various cooked dishes. Simi- 
lar species are commonly used in Japan 
and the U.S.S.R. 

The use of naturally occurring L. 
groenlandica in herring-roe-on-kelp 
fisheries or as a vegetable has several 
disadvantages or limitations: 1) Col- 
lection requires much concentrated 
labor by divers, 2) continued collection 
poses threats to integrity of natural kelp 
forests (and herring stocks for roe on 
kelp), 3) natural kelp forests are limited 
in extent, and 4) kelp may be of poor 
quality when needed because of varia- 
tions in condition of the plants due 
to age and seasonal changes. Tech- 
niques of rope culture have been de- 
veloped for several seaweeds besides 
L. groenlandica, including other spe- 
cies of Laminaria (see Buyankina, 
1977), but are intended for large-scale 
complex operations with seaweeds that 
have lower economic value than L. 
groenlandica. 
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As part of biological studies of nat- 
urally occurring kelp, we set out rope 
substrates and observed the L. groen- 
landica that set on the rope. This brief 
account of our experience could serve 
as a Starting point for anyone interested 
in raising L. groenlandica on rope on 
a small scale in Alaska. 

In this paper, we describe the place- 
ment of the ropes, time of first appear- 
ance of young L. groenlandica, size of 
the plants at various ages, and other life 
history features applicable to the use of 
rope for the culture of seaweeds in 
Alaska. Culturing of these plants re- 
sults in more efficient use of labor and 
increased production of better quality 
L. groenlandica as a vegetable and for 
herring eggs on kelp. The rope system 
could be used to grow kelp in deep 
water by suspending the ropes from 
rafts and could greatly expand the kelp 
production in any bay. Additionally, 
portable substrates with “standard- 
ized” growths of young Laminaria 
could prove useful in studies of effects 
of pollution. 

The general technique we describe 
for using rope as a substrate for rais- 
ing Laminaria is simple. The ropes 
are seeded with young Laminaria by 
placing the ropes on the bottom near 
a kelp forest producing spores. The 
spores settle on the ropes, and even- 
tually young Laminaria sporophytes 
develop. The young Laminaria soon 


Robert J. Ellis and Natasha I. Calvin are with the 
Auke Bay Laboratory, Northwest and Alaska 
Fisheries Center, National Marine Fisheries 
Service, NOAA, P.O. Box 155, Auke Bay, 
AK 99821. 


attach firmly to the rope, which can 
then be moved to another site. 


Study Area 


Our study area is about 17 km north 
of Juneau, Alaska, at Coghlan Island 
(Fig. 1) ona north-facing shore exposed 
to moderate wave action and currents 
(Calvin and Ellis, In press). At this site, 
small dense forests of L. groenlandica 
grow on rocky outcrops from about — 1 
m to —10 m depths on the eastern and 
western sides of a sand beach and 
subtidal area. 


Methods 


We used scuba to install two ropes as 
substrate on the sand within about 15 m 
of the kelp forest. The ropes were 
¥%-inch (16 mm) diameter nylon; each 
was 25 m long and, though they had 
been previously used, appeared to be 
clean. Flat rocks about 4 m apart held 
the ropes on the bottom. The ropes 
were parallel to each other and about 10 
cm apart. After the ropes were in place, 
four 1 m sections of the ropes were 
marked to represent the four depth 
zones encompassed by the rope — shal- 
low (—2 m), deep (—8 m), and two 
intermediate zones (— 4 m, —6 m). We 
installed the ropes in August 1974 and 
examined them intermittently through 
March 1980. The abundance and size of 
L. groenlandica were determined to 
follow survival, growth, and matura- 
tion of the plants. Measuring tech- 
niques are described in Calvin and Ellis 
(In press). 


Appearance, Growth, and Size 
of Young-of-the-Year 
and Yearling Plants 


Young-of-the-Year Plants 


In February 1975, about 6 months 
after the ropes were installed, we first 
saw small, flat, nearly circular brown 
blades on the ropes. The plants were 
one to a few millimeters in diameter 
and emerged on short stipes from a 
layer of debris, silt, diatoms, and other 
small algae that covered the ropes. By 
October 1975, about a year after instal- 
lation of the ropes, we could plainly see 
which plants were Laminaria though 
we could not be certain of the species. 


19 











COGHLAN |. 


SPUHN 1.9 £6, 
“wt 


MENDENHALL PENN. 

















STUDY AREA 


Figure 1.—Map of southeastern Alaska, showing location of kelp study area at 
Coghlan Island —17 km north of Juneau. 


Table 1.—Dimensions, mean (x), standard error of the mean (Sx), and range of Laminaria groeniandica at the end 
of their first summer of growth (22 October 1975) over a depth range of —2 to —8 m on a rope substrate in south- 
eastern Alaska. These plants were subjectively selected as typical of their depth area of the rope and were measured 


in the laboratory. 





Sample 
(shallow 


No. of 


planis Stipe length (cm) 
Tt 


Blade length (cm) Blade width (cm) 





to deep) measured x Sx Range 


Sx Range x Sx Range 





1(-2m) 3 
2(-4m) 8 
3(-6m) 9 
4(-8m) 9 


0.0882 
0.09150 
0.09923 
0.1054 


0.4-0.7 
0.1-1.0 
0.3-1.2 
0.3-1.0 


0.9018 3.5-6.3 0.8413 
1.0269 0.3-8.7 0.6213 
1.0896 1.3-10.3 0.5034 
1.0776 2.0-11.0 0.5398 


1.3-4.0 
0.2-6.3 
0.5-5.8 
1.2-5.3 





Ultimately, we determined that all the 
Laminaria growing on the ropes were 
L. groenlandica. 

On 22 October 1975, we collected 
Laminaria from the ropes and mea- 
sured, in the laboratory, plants that 
appeared to be typical of the four depth 
zones of the ropes. At the end of the 
first season of growth, size varied 
greatly (Table 1), as expected, probably 
because of differences in age (original 
settling of spores could differ by many 
weeks) and microhabitats on the ropes. 
Nevertheless, the average sizes of L. 
groenlandica for the four areas of 
the rope were quite similar— average 
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blade length, for example, was 5.3, 
5.2, 4.8, and 6.0 cm (from shallow to 
the deep end of the ropes). 


Yearling Plants 


In late winter 1976, the plants were 
well into their second season (growth 
begins in midwinter) and were growing 
rapidly. The plants had survived well 
and were much closer together on the 
ropes than plants on the nearby reefs — 
as many as 200 plants/m were on the 
ropes where the largest plants were 
found. There appeared to be a positive 
relation between large numbers and 
large size of plants. These yearling 


plants were growing faster than mixed- 
age plants on the reef—whether this 
is a function of age or lack of gen- 
eral shading or competition from older 
plants is not known. We tagged many 
individual plants on the ropes in Jan- 
uary 1976 and measured them (Fig. 2) 
on 13 April and 5 May 1976, about the 
time Pacific herring, Clupea harengus 
pallasi, spawn locally. The sizes of the 
five largest plants measured each date 
(Table 2) illustrate the potential sizes 
obtainable for the date and location. 
On 14 April 1976, we collected and 
weighed (wet weight) two large plants 
—the new growth on the larger plant 
(from —2 m) weighed 153.5 g (14.3 g 
stipe, 139.2 g blade) and on the smaller 
plant (from —3 m) 90.6 g (9.6 g 
stipe, 81.0 g blade). If growing condi- 
tions were improved —for example, by 
holding ropes off the bottom several 
meters to prevent plants from lying on 
the bottom; by placing the ropes in 
areas of more current; or perhaps with 
very heavy seeding, by thinning of 
plants on the ropes —more of the larger 
plants would be likely. 

In May, the yearling plants were still 
growing rapidly and were clear of most 
epiphytic plants and animals. The rap- 
idly growing, very smooth surface of 
the plants is desirable for use as a 
vegetable but may be a poor surface for 
adherence of herring eggs. 


Conclusions 


The procedures described here for 
growing Laminaria groenlandica on 
ropes are simple and require use of 
divers at only certain stages. The likely 
steps and considerations in establishing 
and using rope substrates for kelp pro- 
duction are: 


1) A suitable site for seeding the 
ropes with young kelp plants should be 
within, or near and downcurrent from, 
a mature kelp forest. 

2) Ropes should be well secured to 
the bottom in late summer, late in the 
spore-producing season of the kelp 
(midsummer to late fall in the vicinity 
of this study), to reduce competition 
from other organisms for settling space 
on the ropes. The depth the ropes 
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should be placed for obtaining a seed- 

Coghlan Island ing of plants is not critical but should 

: be well within the depths occupied by 

7 April 19776 the mature spore-producing plants. 

However, if the ropes are not to be 

moved until the kelp is harvested, the 

ropes should be at the depth of best 
growth locally. 

3) The first spring or summer after 
the ropes are emplaced, divers should 
inspect the ropes to determine whether 
small kelp plants are present. 

4) At the end of this first summer, the 
ropes can be moved to a culture site. 
The plants should be kept cool and 
moist with seawater while being moved 
and should be returned to the water as 
soon as possible. 

5) For use as substrate for roe on 
kelp, the ropes could be moved to 
herring ponds at the beginning of the 
second summer. For use as a vegetable, 
the plants could be inspected period- 
ically to determine when they are most 
suitable for harvesting. Laminaria cul- 
tured on ropes could be used for bio- 
assay at almost any time after the young 
plants are large enough to be readily 
counted and measured. 





6) Most, if not all, the operations 
in culturing Laminaria on ropes could 
be done from boats; however, many 
of the operations could be facilitated 
by divers. 


Figure 2.—Typical age | Laminaria groenlandica from rope substrate at 
Coghlan Island, 7 April 1976. These plants were growing very rapidly (about 
1 cm/day). Pacific herring, Clupea harengus pallasi, spawn locally about the 
first of May. 
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Table 2.—Sizes of tagged yearling (age 1) Laminaria groenlandica on 13 April and 5 May 1976. 
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The Impact of the Assurance of 
High Quality of Seafoods at Point of Sale 


LOUIS J. RONSIVALLI, JOHN D. KAYLOR, 


PHILIP J. McKAY, and CARMINE GORGA 


Introduction 


The need and the potential of assur- 
ing the quality of seafoods at point of 
sale have been adequately discussed 
(Nickerson and Ronsivalli, 1979; Ron- 
sivalli et al., 1978; and Gorga et al., 
1979). Although the high seafood sales 
demonstrated for both white-cloth and 
fast-service restaurants have been at- 
tributed to the high quality of the 
seafoods handled by these establish- 
ments, a clear relationship between 
assured quality and increased sales has 
not been evident because it has been 
difficult to separate the effect of high 
quality from the effect of the consumer 
not having to prepare seafoods. 

Recent results, however, do show 
clear and positive effects of assured 
quality on sales both in the United 
States and in Australia. In the United 
States, one effort was conducted collab- 
oratively between the National Marine 
Fisheries Service (NMFS) and elements 
of the U.S. seafood industry with the 
leadership and the bulk of the funding 
coming from the Government (Gorga et 
al., 1979). A second U.S. effort was 
conducted by Bashas’, a small western 
supermarket chain (Zwiebach, 1978). 
In Australia, one effort was conducted 
by that country’s largest supermarket 
chain, G. J. Coles and Company, Ltd. 
(Watson, 1979). In all cases, sales were 
increased significantly, going as high 
as 67 percent in one case. 


‘Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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NMFS-Industry Effort 


In 1975 NMFS technologists from 
the Gloucester Laboratory, Northeast 
Fisheries Center, and NMFS inspectors 
undertook a pilot collaborative ef- 
fort with one seafood processor and 
six supermarkets from three different 
chains to explore the effect of assured 
seafood quality on sales. The pilot 
study, which lasted 2 years and cost a 
total of $200,000, included a $35,000 
grant from the New England Fisheries 
Steering Committee and about $10,000 
in in-kind services (use of process- 
ing plant, retail outlets, personnel, 
advisory services, etc.) from the Em- 
pire Fish Company of Gloucester 
and the supermarket chains of A&P, 
DeMoulas, and Stop & Shop. NMFS 
inspectors, whose role was initially on 
a fee basis, eventually also contributed 
significant in-kind services at numer- 
ous meetings that were devoted to 
logistics problems. The NMFS inspec- 
tors also assisted in data collection and 
made many important observations that 
led to the success of the project. 

Except for the NMFS inspectors, 
who by design were to continue in their 
role, Federal involvement ended after 
the 2-year period, and the technology 
transfer from Federal laboratory to in- 
dustry was complete. Even as this 
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Figure 1.—Sales rates of fresh fish 
fillets carrying the U.S. Grade A 
sticker. 


1979 


transition occurred, there was an ex- 
pansion of industry efforts followed 
by a continuing accelerated growth. 
By the early part of 1980, the enter- 
prise had grown to an annual volume 
of about 11,000,000 pounds worth near- 
ly $30,000,000 per year (Fig. 1). The 
figure includes an additional 1,000,000 
pounds of product sold annually which 
does not bear the U.S. Grade A label 
but which employs the same technolog- 
ical concepts used in the Government- 
inspected system. The number of pro- 
cessors grew from one to eleven, and 
the number of supermarkets grew from 
six to more than 1,100 located in at least 
15 states and the District of Columbia 
(Fig. 2), representing about 40 percent 
of the total U.S. population. Figure 2 
shows only the 10 plants that are under 
inspection. It is estimated that the size 
of the enterprise could be twice as large 
except for the lack of supply of U.S. 
Grade A quality fish fillets. The de- 
mand for assured quality has been 
found to be so persistent that less 
popular species like pollock and whit- 
ing are receiving a surprising accep- 
tance by consumers when introduced 
under the assured quality program. 
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Figure 2.—Locations of markets and plants involved in distribution of U.S. 
Grade A fresh fish fillets. 


If a benefits-to-cost (B/C) analysis 
of this effort is based on the value of 
cumulative sales volume and govern- 
ment costs, we estimate its ratio to be 
more than 150:1. Since the government 
cost is a constant, the B/C ratio will 
continue to increase. In fact, as long as 
the sales rate is in an exponential 
growth trend, the B/C ratio will grow to 
exceptional levels in a short time. This 
analysis does not take into account 
multiple and other relevant economic 
factors which would increase the B/C 
ratio to a much higher level; nor does 
it reflect the intangible benefits that 
accrue to the consumer such as assured 
quality, opportunity to use more sea- 
foods, improved dietary selections, 
etc.; nor the improved image that ac- 
crues to the seafood industry from 
gaining the confidence of consumers. 
Also, there are the indirect benefits that 
will have a favorable impact for the 
United States which experiences an 
annual seafood trade deficit of about $2 
billion. If the domestic seafood indus- 
try can establish an image associated 
with high quality, there is the potential 
for capturing a larger share of the 
domestic market. 


U.S. Industry Effort 


The only other U.S. effort of which 
we are aware was conducted by a 26- 
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store supermarket chain (Bashas) in 
Arizona (Zwiebach, 1978). This chain 
recognized the need to gain consumer 
confidence regarding quality. The high- 
quality, fresh seafoods created an im- 
petus that spread to frozen seafoods, 
and the sales of seafood in the chain 
increased by about 67 percent. The 
biggest problem encountered by the 
chain was the limited supply available 
from the coastal producers from whom 
the product was received by air freight. 
Bashas found that the consumers were 
willing to pay a higher price for high- 
quality seafoods. 


Australian Industry Effort 


Approximately 2 years after the start 
of the NMFS-industry effort, an Aus- 
tralian firm, G. J. Coles and Company, 
Ltd., began a similar pilot effort in 
Melbourne. In less than 3 years, it 
spread throughout most of Australia, 
requiring the building of six process- 
ing plants to supply the demand that 
was subsequently generated (Watson, 
1979). The Australian effort eventually 
was limited by the inadequacy of sup- 
ply as were both U.S. efforts. How- 
ever, unlike the large U.S. effort, the 
Australians were unable to introduce 
their underutilized species on the coat- 
tails of their high-quality conventional 
products. This appears to have been due 


to insurmountable organoleptic disad- 
vantages of the Australian underutilized 
species that were not encountered in the 
U.S. effort. 


Discussion and Recommendations 


The three studies cited above should 
leave no doubt as to the beneficial 
impact of assuring the quality of sea- 
foods at the point of sale. To add to 
these findings, a very recent New Zea- 
land study concerned with the potential 
for increasing New Zealand’s seafood 
exports to Japan concluded that it can 
depend on a large Japanese market only 
if it improves the quality of its product 
(Anonymous, 1979). (There is some 
evidence to show that the growth of the 
U.S. seafood export volume is also 
impeded by inferior quality of U.S. 
seafood products.) In another recent 
announcement, the president of the 
Fisheries Association of Newfound- 
land and Labrador has stated: “Quality 
enhancement is a key to the future 
of the industry, in both catching and 
processing. Without a major effort on 
quality, success in terms of the potential 
wiil not be achieved” (Wells, 1980). 

There are two major problems which 
we believe require attention: 1) Lack of 
monitoring of product quality at most 
of the retail outlets and 2) inadequacy 
of supply. Although there was no stated 
concern in any of the efforts described 
above regarding the monitoring of qual- 
ity at the retail outlets, it has been and 
still is a major concern of the authors. 
Even though the U.S. industry has 
assimilated the NMFS technology, it 
did not accept the entire recommenda- 
tions. One of the NMFS recommenda- 
tions was to maintain a monitoring 
capability at the retail level, and except 
for about 200 stores, this important 
recommendation has not been fol- 
lowed. What impact this laxity will 
have in the long run is not certain, but 
it does have the potential for eroding 
consumer confidence which is neces- 
sary for the program’s success. 

The problem of inadequate supply 
can be solved in a number of ways. 
Since high-quality products command 
a higher price, one solution is to pro- 
vide for an economic incentive for 
fishermen. If fishermen are paid to 
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bring in more high-quality fish, they 
will do it. Quality maintenance aboard 
vessels requires adequate refrigeration 
(usually more ice) and undoubtedly 
more time-consuming handling. It is 
not in the financial interest of fisher- 
men to increase their expenses without 
a higher return. 

A second solution lies in the intro- 
duction of underutilized species. This 
is not difficult when the underutilized 
species meet certain selection criteria. 
For example, whiting fillets and pol- 
lock fillets, considered underutilized 
not too long ago, have enough desirable 
organoleptic qualities to have been 
accepted by many U.S. consumers. In 
cases where organoleptic characteris- 
tics are unfamiliar, the solution is ob- 
viously more complicated but by no 
means insoluble. 

A third solution to the problem is to 
develop concepts for new products 
which can be made from underutilized 
species which do not appear to have 
marketing potential, and from the by- 
products of conventional species. For 
example, small fish, like sand lance, 
which are too small to process eco- 


nomically, and the “frames” from 
groundfish, which are a by-product of 
the process for producing fish fillets, 
can be deboned and used to produce a 
variety of new, precooked, ready-to- 
serve products. 


Summary 


The success of the three efforts 
described in this paper attests to the 
accuracy of the identification of a 
major problem common to the bulk 
of seafoods available to consumers 
in supermarkets and to the foresight 
and commitment of the management 
and personnel of the few companies 
cited above. The success of the NMFS- 
industry effort in particular is evident 
from the high benefits-to-cost ratio that 
has been achieved and from the fact that 
5 years after its start, its growth is still 
in an exponential trend. All of this 
means that the potential for the domes- 
tic seafood industry is indeed very 
large. The smooth transfer of technol- 
ogy in that study was due to industry’s 
clear understanding of its role from the 
very beginning and its agreement that 


the NMFS guidance held a high prom- 
ise for success. 

The extraordinary expansion of the 
idea of guaranteed U.S. Grade A qual- 
ity is believed to be due to the NMFS 
stipulation that quality has to be assured 
throughout the chain of distribution up 
to and including the moment that it is 
purchased by the consumer. 
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NOAA/NMFS Developments 


NOAA Awards $3 Million for 
Lost or Damaged Fishing Gear 


United States fishermen collected 
more than $3 million in compensation 
during the past year for lost or damaged 
fishing gear caused by other vessels or 
extreme weather conditions, according 
to a report by the Commerce Depart- 
ment’s National Oceanic and Atmo- 
spheric Administration (NOAA). Terry 
L. Leitzell, then NOAA’s assistant 
administrator for fisheries, said $3.4 
million had been paid to 603 claimants 
through 30 September under the Fish- 
ing Vessel and Gear Damage Compen- 
sation Fund. 

The majority of the claims were 
for damage or loss caused by two 
instances of extreme weather and sea 
conditions. There were 477 claims to- 
taling $724,160 paid for lobster and 
fish traps either damaged or destroyed 
by Hurricane David when it passed 
through the Virgin Islands and Puerto 
Rico last August. 

Another 27 claims resulted from 
extensive damage to king and tanner 
crab pots caused by an unusual south- 
ward extension of the Bering Sea ice 
pack during January and February 1980. 
These claims totaled $1.7 million, and 
24 more are pending. Forty-eight 
claims totaling $497,470 were paid for 
fishing gear damaged by foreign and 
domestic vessels. These claims were 
evenly divided between the east and 
west coasts. 


About the Fund 


The fund, established by an amend- 
ment to the Fishermen’s Protective Act 
in September 1978, is administered 
by NOAA’s National Marine Fisheries 
Service. It is used to compensate fish- 
ermen for fishing gear that is either lost 
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or damaged by other vessels or extreme 
weather conditions. The amendment 
authorizes the Commerce Department 
to levy an annual 20 percent surcharge 
on the fees paid by foreign vessels 
for permits to fish within the 200- 
mile U.S. Fishery Conservation Zone. 
These revenues are placed in the com- 
pensation fund. 

Most claims have been for the loss or 
damage of fixed fishing gear, generally 
traps or pots. Some claims of this type 
are not paid when the cause of the 
casualty cannot be established. In many 
cases, fishermen deploy fixed fishing 
gear and find it missing when they 
return. Since such gear casualties usu- 
ally are not witnessed, their causes 
often cannot be ascertained. However, 
the program requires that the nature of 
a gear casualty be proven by a prepon- 
derance of the evidence. The exception 
to this rule is when two presumptions 
can be made about the casualties even 
though it was not witnessed. 

The first presumption concerns other 
vessels. If eyewitness accounts or other 
evidence—either from the claimant, 
other persons, or governmental sources 
— establishes that vessel activity in the 
immediate area in which the claimant’s 
gear was deployed was sufficient be- 
tween the time the gear was placed 
there and the discovery of its damage or 
loss, then the casualty can be presumed 
to have been caused by the actions of 
another vessel and the claim may be 
eligible for compensation. Sometimes 
evidence associated with the remains 
of damaged gear establishes the cause 
of the casualty as the action of an- 
other vessel. 

The second presumption involves 


acts of God. Weather and sea condi- 
tions are presumed to be acts of God if 
they qualify under a statistical measure. 
They must be more severe than one 
standard deviation above the historical 
mean of conditions in the area, and 
during the season, of the casualty. This 
means that only the most severe 16.67 
percent of all conditions qualify for 
the act of God presumption. 


Claims 


Every casualty claim is examined to 
determine if a claimant’s negligence 
contributed to loss or damage to the 
gear. A comparative negligence stan- 
dard is used which may result in the 
amount of a claim payment being either 
reduced or not paid at all. 

All claims must include a nonreturn- 
able filing fee of 1 percent of the lower 
of two estimates of replacement or 
repair cost and specific information and 
evidence about the casualty. Compen- 
sation is for the depreciated replace- 
ment cost of lost or unrepairable gear 
and for the repair cost of repairable 
gear. If the claim is approved, the 
recipient must pay an approval fee of 
4 percent of the final award. The 
filing fee and the approval fee cannot 
exceed $1,000. 

As of 30 June 1980, all claims have 
to be filed within 90 days of the 
discovery of the casualty. Fraudulent 
claims are punishable by fine and/or 
imprisonment. Additional information 
about this program and how to submit a 
claim under it may be obtained from the 
Financial Services division, National 
Marine Fisheries Service, Washington, 
DC 20235 (telephone 202-634-4688). 


The Ahlstrom Library Goes 
to NMFS Southwest Center 


During a brief ceremony last sum- 
mer, Margaret D. Ahlstrom, widow of 
the fishery biologist, Elbert Halvor 
Ahlstrom, unveiled a small bronze 
plaque officially dedicating her hus- 
band’s library at the NMFS Southwest 
Fisheries Center at La Jolla, Calif. 
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Ahlstrom’s library was built during 
a distinguished career of 40 years 
with the National Marine Fisheries 
Service and its predecessor agencies 
and reflected his consuming interest in 
ichthyology, particularly the science of 
larval fish biology to which he devoted 
his entire professional life. 

The Ahlstrom library includes more 
than 250 books, many of them rare and 
valuable volumes, 10,000 reprints, and 
a large collection of serials. In accept- 
ing the library for the Southwest Fish- 
eries Center, Izadore Barrett, Center 
Director, said that Ahlstrom’s gift dem- 
onstrated his love of science and his 
willingness to share his broad knowl- 
edge and ideas with his colleagues 
and students. 


DOC Gold, Silver 
Medals Are Awarded 


Commerce Department gold and sil- 
ver medal award winners named late 
last year include three National Ma- 
rine Fisheries Service scientists: John 
Hunter with the Southwest Fisheries 
Center’s La Jolla Laboratory, La Jolla, 
Calif. (gold medal); Roland Wigley 
with the Northeast Fisheries Center in 
Woods Hole, Mass. (silver medal); and 
Michael Laurs, also with the La Jolla 
Laboratory (silver medal). 

Hunter, a fishery biologist, was 
awarded the gold medal for his discov- 
ery of new biological principles regard- 
ing the ecology of marine fishes. He 
has been a pioneer in the science of 
fish behavior of some types of school- 
ing fish such as sardines, anchovy, and 
herring, which are of great importance 
in filling the world’s protein needs. 

Silver medalist Wigley, a fishery 
biologist, was cited for his contribution 
to the development of New England’s 
billion dollar fishing industry and the 
protection of the northwest Atlantic’s 
sensitive environment. Wigley’s stud- 
ies of deep-sea red crabs and northern 
shrimp are credited with launching and 
sustaining those fisheries. 

Laurs, a research oceanographer, 
was presented the silver medal for his 
contributions to tuna oceanography and 
leadership in implementing cooperative 
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government-industry albacore tuna re- 
search. He is credited with combining 
significant scientific contributions to 
oceanography and tuna biology with 
outstanding leadership in promoting 
and implementing cooperative research 
programs with universities, state gov- 
ernments, and industry. 

Other DOC Gold Medals were 
awarded to: Robert W. Knecht, director 
of NOAA’s Office of Minerals and 
Energy, for his work as assistant 
administrator of NOAA’s Office of 
Coastal Zone Management (1972-79); 
Ray H. Barnes, for outstanding work 
as the meteorologist-in-charge of the 
NWS office in Mobile, Alabama, dur- 
ing Hurricane Frederic; Rex J. Flem- 
ing, director of the Global Atmospheric 
Research Program, for outstanding 
leadership as director of U.S. par- 
ticipation during the recent 5-year 
Global Weather Experiment; Robert 
J.C. Burnash, hydrologist-in-charge of 
the Sacramento River Forecast Center, 
for outstanding contributions to the 
field of hydrology and data acquisition; 
Wallace K. Kanahele, an able bodied 
seaman aboard NOAA Ship Surveyor, 
for rescuing a fellow crewmember who 
fell overboard while the ship was tied 
up in San Francisco; and Robert D. 
Wildman, deputy director, Office of 
Sea Grant, for exceptional leadership 
and scientific management skills in 
support of the National Sea Grant 
College Program. 

Other Silver medal award winners 
were: Phyllis A. Polland, meteorolo- 
gist-in-charge of the Pensacola National 
Weather Service office, for outstanding 
work during Hurricane Frederic; Henry 
R. Frey for “distinguished national 
service to the people and Government 
of the United States while serving as 
Project Manager and Principal Inves- 
tigator of the National Ocean Survey 
National Strategic Petroleum Reserve 
Support Project”; Chester C. Slama, 
for contributions to science and tech- 
nology which have “contributed to the 
improved efficiency and effectiveness 
of the photogrammetric and geodetic 
operations of the National Ocean Sur- 
vey”; Armor L. Lane, director of the 
Marine Minerals division, for outstand- 
ing performance in providing Federal 


direction to the developing technol- 
ogy of undersea mining; Thomas M. 
Kaneshige, supervisory physical sci- 
entist, Office of Research and De- 
velopment, for valuable and unique 
contributions during the recent 5-year 
Global Weather Experiment; Ronald 
D. McPherson, research meteorologist, 
Atmospheric Analysis branch, National 
Meteorological Center, for leading the 
development of a global analysis fore- 
cast system by using numerical meth- 
ods; Ronald E. Reap, NWS research 
meteorologist, for developing a 12- to 
36-hour probability forecast that can 
be transmitted in graphic form daily 
through AFOS, the NWS Automation 
of Field Operations and Services sys- 
tem; Denzil R. Davis, Quincy, Fla., 
retired supervisory meteorologist, and 
Jerrel E. Hughes, electronics develop- 
ment technician, for their combined 
contribution to science and technology 
benefiting the U.S. agricultural in- 
dustry; George M. Kush, hydrologist, 
NWS field office in San Antonio, 
Tex., for outstanding management of 
the hydrologic services program in 
south Texas; Bernard Zavos, for out- 
standing management of the NWS’ 
Overseas Operational Program (OOPS) 
in developing nations of Latin America 
and the Caribbean; and Raymond L. 
Coldren, NESS electronics technician 
for making weather satellite imag- 
ery available to users of pictures 
from space. 

Four additional silver medals were 
awarded to a group of NOAA employ- 
ees who rescued an elderly woman last 
Spring from the Elizabeth River near 
the docks of the NOAA Atlantic Ma- 
rine Center, Norfolk, Va. They are: 
Kenneth Holden II, Rollings Hills, 
Calif.; Merrit N. Welter, Norfolk, 
Va.; Thomas G. Russel, Catonsville, 
Md.; and Robert H. Maness, Redford, 
Va. Ronnie J. Alberty and Stanley L. 
Barnes, meteorologists, Environmental 
Research Laboratories, received silver 
medals for their outstanding work in 
organizing and carrying out a major 
research project to improve understand- 
ing of severe storms and regional 
weather, SESAME °79 (Severe En- 
vironmental Storms and Mesoscale 
Experiment). 
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Foreign Fishery Developments 


Foreign Fishing Policies 
of Latin American Nations 


Latin American countries have de- 
veloped various systems to determine 
how fishery resources are made avail- 
able to foreign fishermen and at what 
cost. While varying in detail, the Latin 
American regulations have exhibited a 
general desire to reduce foreign fish- 
ing, or at least benefit economically 
from it, and also a tendency to establish 
an allocation system which does not 
require sophisticated surveillance. 

Fishing fees, for example, through- 
out the region are almost exclusively 
based on the easily determined size of 
the vessel, instead of the amount of 
fish caught which would be more com- 
plicated to determine. There are three 
basic patterns most commonly used 
by Latin American countries to make 
coastal resources available to foreign 
fishermen: 

1) Sell licenses with fees based on the 
size of the vessel (Chile, Colombia, 
Costa Rica, Ecuador, El Salvador, 
Guatemala, Mexico, Nicaragua, Pan- 
ama, and Peru). 

2) Require foreign companies to 
form joint ventures with domestic com- 
panies (Argentina and Brazil). 

3) Develop ad hoc policies upon 
receipt of individual requests from for- 
eign fishermen (Cuba, Venezuela, and 
most small Caribbean island countries). 


Licenses 


The sale of licenses based on the size 
of the vessel has been the most common 
method used by Latin American coun- 
tries to regulate foreign fishermen. 
Some countries have more complex 
systems. Uruguay, for example, dou- 
bles fees for factory trawlers and vessels 
with onboard refrigeration. License 
fees based on the size of the vessel or 
other easily observable characteristics 
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have the advantage of being easy to 
enforce and can generate earnings for 
the coastal nation by using a resource 
which domestic fishermen would other- 
wise be unable to utilize. 

Licensing procedures, fees, dura- 
tion, special restrictions, and sanctions 
vary widely from country to country 
(Table 1). Countries using the licensing 
system are mostly along the Pacific 
coast and several have developed their 
regulations specifically for foreign tuna 
fishermen. Some countries (Chile’ and 
Peru) have restrictive regulations for 
specific species. Most countries pro- 
hibit foreign fishermen from catching 
such high value shellfish as shrimp and 
lobster which are fished by domestic 
fishermen. Several countries (Costa 
Rica”, Ecuador, Guatemala, and Peru) 
grant special benefits to foreign fisher- 
men who land part of their catch in the 
licensing country or form local joint 
ventures®. One country (Guyana) has 
special licensing fees for foreign vessels 
which are based in Guyanese ports*. 
Other countries (Ecuador, El Salva- 
dor, and Uruguay) have created special 
coastal zones within their 200-mile 
zone where foreign fishermen are not 


"Details on Chile’s licensing procedures can be 
obtained by requesting IFR-80/2 from your local 
NMFS Statistics and Market News Office. 
“Details on Costa Rica’s licensing procedures 
can be obtained by requesting IFR-80/33 from 
your local NMFS Statistics and Market News 
Office. 

3 A few countries (Brazil, Mexico, and Uruguay) 
are more concerned about the impact of foreign 
landings on fish prices and prohibit foreign 
fishermen from landing fish unless specifically 
authorized. 

*Details on Guyana’s licensing regulations can 
be obtained by requesting IFR-77/235R from 
your local NMFS Statistics and Market News 
Office. 


allowed to fish. Some countries (Ecua- 
dor, Guatemala, and Uruguay) require 
foreign fishermen to appoint a local 
agent. It is also common practice in 
Latin America to require foreign fisher- 
men to purchase registrations (“ma- 
triculas”) before purchasing licenses. 
The regulations for registrations are 
detailed in Table 1. 


Joint Ventures 


Requiring foreign fishermen to form 
joint ventures with domestic companies 
has been a less common option, but has 
been adopted by two of the most 
important Latin American countries 
(Argentina® and Brazil) and a third 
country (Mexico’) appears to be mov- 
ing in that direction. These countries 
tend to close their coastal waters to 
foreign fishermen whether or not they 
have the domestic capability to fully 
utilize the resource. 

Argentina and Brazil excluded for- 
eign fishermen from their 200-mile 
zones even though coastal stocks (de- 
mersal finfish species off southern 
Argentina and shrimp off northern Bra- 
zil) were only being lightly fished 
by domestic fishermen. Despite data 
which demonstrates that shrimp stocks 
in Mexican waters in the Gulf of Mex- 
ico are not being fully utilized by 
Mexican fishermen, Mexico has de- 
cided to terminate access to these stocks 
for foreign vessels. The joint venture 
policy is designed to use fishery re- 
sources to aftract foreign partners 
which will give domestic companies 
the capability to initiate new or expand 
existing fisheries. 


° Details on Ecuador’s licensing system can be 
obtained by requesting IFR-76/59 from your 
local NMFS Statistics and Market News Office. 
Details on Argentina’s use of joint ventures to 
develop the fishing industry can be obtained by 
requesting IFR-80/13 from your local NMFS 
Statistics and Market News Office. 

“Mexico’s tuna licensing regime is described ia 
IFR-80/9R and 51. The purpose of these regu- 
lations may be at least partially to encourage 
U.S. tuna fishermen to consider transferring their 
vessels to Mexican flag registry and to form joint 
tuna companies with Mexican partners. After 
excluding U.S. and Cuban shrimp fishermen 
from the Mexican EEZ in 1979, Mexican officials 
have left some hope of possible participation in 
the shrimp fishery through joint ventures. 





Table 1.—Latin American regulations (Pacific coast countries) for foreign fishermen, 1979-80. 





Country 


Regis- 
tration 


Licenses 


Restrictions 





Cost Duration 


Applica- 
tion 


Methods 


Sanctions 


Other 





Chile 


Colombia 


Costa Rica 


Ecuador 


El Salvador* 


Guatemala 


Honduras 


Mexico 


Nicaragua® 


$5/NAT if 

purchased 
in the year 
before use; 
$10/NAT if 
bought the 


year of use. 


$100, valid 
for 1 calen- 
dar year. 


Not 
available 


Free 


Initial $800 fee 
and subsequent 
payments of 
$60 per NRT' 
for 100-day 
renewal. 


100 days 


$2.20-4.45 (100- 
200 pesos?)/ 
vessel-GRT° for 
firms domiciled 
in Colombia; 
$44.60 (2,000 
pesos)/GRT for 
foreign-based 
companies. 


If domiciled 
in Colombia 
1 year (and 
one ocean); 
otherwise 
30 days 
(and one 
ocean). 


$30 for vessels 
up to 400 NRT; 
$60 for vessels 
over 400 NRT. 


60 days 


$80 per NRT. 1 trip of up 


to 50 days. 


Not available but Not 
will be based on available 
NAT of vessel. 


Access rights: 
US$500/month 
for all vessels 
in excess of 

91 NRT®. 


10 years 


Submit to 
the Sub- 
secretariat 
for Fisheries. 


Submit to the 
National 
Institute for 
the Devel- 
opment of 
Renewable 
Natural 
Resources. 


Submit to 
Costa Rican 
consulate in 
San Diego 
or Panama 
City or the 
Fisheries 
Office in 
Puntarenas. 


Submit to 
Directorate 
General of 
Fisheries or 
Ecuadorean 
consulates. 
Permission 
to fish can 
be gotten by 
radio. 


Submit to 
Department 
of Industrial 
Develop- 
ment and 
Control or 
from Sal- 
vadorean 
consulates. 


Submit to 
Ministry of 
Agriculture. 


No licensing regulations for the nation's small 


Pacific coast. 


$55 (P/1,250) 
per vessel and 
$61 (P/1,350) 
per NAT. 


60 days 


$10 for vessels 
up to 10 feet in 
length; $1 addi- 
tional for each 
foot in excess 
of 16 feet’. 


20 years® 


Submit to 
Mexican 
Department 
of Fisheries. 


Submit 

to the 
Nicaraguan 
Fisheries 
Institute, 
km 4¥2 Car- 
retera Sur, 
Managua. 


60-mile zone 
reserved for 
Ecuadorean 
vessels only. 


12-mile zone 
reserved for 
vessels of 
companies at 
least 50% 
Salvordean 
owned. 12- 
60 mile zone 
reserved 

for vessels 
operated by 
companies 
domiciled in 
El Salvador. 


None 


None 


Shrimp fishing tem- 
porarily banned; 
lobster fishing is 
regulated. Foreign 
nationals not legally 
don..ciled in Colom- 
bia may fish only for 
tuna, live bait, and 
cetaceans. 


Vessels using live 
bait or harpoons 
instead of nets 
granted 50% 
reduction. 


Explosives and poi- 
sons prohibited. 
Foreigners are not 
allowed to fish for 
lobster or shrimp. 


Not available 


Use of poisons 
and explosives 
prohibited. No 
licenses issued 
for Pacific shrimp 
fishing. 


None 


None 


Use of poisons 
and explosives 
prohibited. 


Payment of fine 
equal to $120 
per NRT. 


Confiscation of 
catch, gear, and 
vessel. 


First violation: 
Criminal penalties, 
confiscation of 
catch, $100 fine 
per vessel NRT. 
Second violation: 
Criminal penalties, 
confiscation of 
vessel, equipment, 
catch. 


Payment of fine 
equal to $120/NRT 
and confiscation 

of catch for first 
offense; increased 
for subsequent 
violations. 


Payment of fine 
equal to US$80 
per NRT; possible 
further punitive 
action. 


Payment of fine 
from $100 to $5,000 
or the equivalent in 
confiscated catch 
and gear. Fines 

are doubled for a 
second violation. 


Confiscation of 
catch plus fine 
of from $3,750 
to $15,000. 


Not available. 


Regulations described here apply 
only to foreign tuna fishermen. 


Regulations described here apply 
only to foreign tuna fishermen. 
Foreign vessels less than 400 
tons which sell at least 100 tons 
of catch to domestic canneries 
are granted free extension of their 
licenses. Foreign vessels under 
contract to a domestic company 
are treated the same as Costa 
Rican-flag vessels. 


Foreign fishermen can obtain 
special treatment by signing 

association agreements with 
Ecuadorean canneries. 


Number of licensed vessels 
limited by coast and species. 
Pacific coast tuna licenses are 
limited to 10 vessels. 


Foreign fishing authorized only 
if Mexico determines there is 

a surplus in its 200-mile EEZ. 
Foreign tuna fishermen must 
have an accredited representa- 
tive in Mexico. 


Fishing licenses are only issued 
to persons or corporations who 
have contracts with processing 
plants in Nicaragua. A free navi- 
gation permit must be obtained 
from the Marine Division, Ministry 
of Defense. 
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Table 1.— Continued. 





Licenses 


Restrictions 





Regis- 


Country tration Cost 


Duration tion 


Applica- 
Methods 


Sanctions Other 





Panama® US$30 per NRT. 


US$1,000, 
valid for 

1 calendar 
year. 


US$80 per NRT. 


6 months 


100 days” 


Submit to 
the Marine 
Resources 
Office, 
Ministry 

of Com- 
merce and 
Industry. 


Use of poisons 
and explosives 
prohibited. 


Submit to the 
Ministry of 
Fisheries or 
to Peruvian 
consulates. 


Use of poisons 
and explosives 
prohibited. 
Foreigners not 
allowed to fish 
for anchovies. 


Foreign vessels are 
subject to fines of 
from $10,000 to 
$100,000; repeated 
violations may result 
in confiscation of 
the vessel. 


Foreign fishermen must have an 
agent in Panama and purchase a 
navigation permit costing from 
$500 to $1,200 (depending on 
the vessel's GRT) as well as 
miscellaneous charges totaling 
about US$100. 


Fines of up to $80 
per NAT for first 
offense, larger 
fines for subse- 
quent violations. 


Foreign commercial fishing 
vessels must have an agent 

in Peru. Fishermen must also 
have an operating license which 
costs $370 (S/90,000). 





'NRT= Net registered tons. 
?Based on exchange rates as of 31 March 1980. 
3GRT= Gross registered tons. 


‘License information based on dated information about draft law. 


5 A separate fee schedule exists for the Caribbean coast. 


®The U.S. Embassy in Managua reported on 25 July 1980 that INPESCA has prepared 


7 An exploitation tax must also be paid, but it can be waived under the Industrial Devel- 
opment Law. The government studied the possible revision of these fees in 1980. 


catch in Peru. 


new regulations for foreign fishermen, but had not yet released them. INPESCA officials 


stated that there were “substantial changes” in the new regulations, but provided 


no details. 


Ad Hoc Policies 


Many countries in Latin America 
have not formulated specific proce- 
dures, principally because foreign fish- 
ing off their coasts is not extensive. 
These countries evaluate requests from 
foreign fishermen on an individual ba- 
sis. Venezuela, for example, has li- 
censed one U.S. vessel and signed 
an agreement with Denmark allowing 
Faroese fishermen to fish experimen- 
tally in the Venezuelan EEZ, hoping 
that this will lead to a joint venture’. 
Cuba has still not published its licensing 
regulations and as a result has not fully 
responded to a U.S. request to catch 
swordfish in its 200-mile zone. 

The policies enforced by Latin Amer- 
ican countries to regulate foreign fish- 
ermen have, in several cases, severely 
impacted the distant-water fishermen 
who once fished there. U.S. shrimp, 
lobster, and tuna fishermen, for exam- 
ple, have been adversely affected. In 
some cases the coastal country has 
restricted or terminated distant-water 
fishermen even though local fishermen 


* Venezuela’s policy toward foreign fishermen is 
described in IFR-76/102 and 80/95. Copies can 
be obtained from your local NMFS Statistics 
and Market News Office. 
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5 in addition, a fishing permit for each vessel must be obtained annually. 
° Panamanian regulations are described in greater detail by IFR-80/60. 
‘Waived for foreign ships under contract to Peruvian companies and selling entire 


Sources: Reports from the U.S. Consulate General in Guayaquil and U.S. embassies in 


the above countries; Latin American government documents; and various press reports. 


could not utilize the resource them- 
selves. In 1967, for example, the Soviet 
Union caught 670,000 t off Argentina. 
Even though Argentina subsequently 
declared a 200-mile zone and prevented 
distant-waters fishing, the total catch 
by Argentine fishermen had still not 
reached 600,000 t by 1979. 

The policies restricting distant-water 
fishing, have been very popular polit- 
ically throughout Latin America and 
have therefore been of some support to 
the Government in power. The eco- 
nomic impact on the coastal countries 
has also been generally positive: 

1) They have in some cases generated 
hard currency earnings from an eco- 
nomic resource which domestic com- 
panies were not fully exploiting or in 
some cases not exploiting at all. 

2) They have encouraged distant- 
water fishermen to either land fish in 
local ports or to form joint venture 
fishing companies; in both cases pro- 
moting the development of the local 
fishing industry. 

3) They have prevented damage to 
fishery resources through uncontrolled 
foreign fishing. (Significant harm was 
done in the 1960’s and 1970’s to fishery 
resources off the coasts of the United 
States, Canada, and western and south- 
ern Africa countries by the failure 
of coastal countries and international 


commissions to implement adequate 
conservation regimes.) 

Some observers are concerned that 
the insistence by Mexico and other 
Latin American coastal countries to 
manage tuna unilaterally and restrict 
distant-water fishing may eventually 
cause economic problems for the local 
fishermen as well as distant-water fish- 
ermen. There are great variations in the 
quantities of tuna which appear off 
various countries each year. A large 
tuna fleet will have difficulty operating 
profitably if restricted to the narrow 
confines of the waters off any single 
country. In addition, because tuna 
range over such a wide area, no one 
country is able to control fishing effort. 
Without an international body to reg- 
ulate fishing effort, it may not be 
possible to limit catches so as not to 
damage tuna stocks and as a result the 
profitability of national tuna industries. 
(Source: IFR-80/141.) 


A Wave-powered Boat? 


Boats of up to 50 m in length, 
propelled by wave energy, might be the 
result of successful tests in the Ship’s 
Model Tank in Trondheim, Norway, 
according to the Norwegian Informa- 
tion Service. This item, invented by 


29 





Norwegian electrical engineer Einar 
Jakobsen, may have considerable sig- 
nificance for some sectors of the fish- 
ing fleet, say experts at the Trondheim 
laboratory. Last summer, successful 
trials were carried out in the Oslofjord, 
where the invention was mounted on a 
27-foot sailboat hull. 

The system consists, in brief, of a 
moveable foil—a water wing —placed 
horizontally on an axis beneath the 
boat. This moves up and down in step 
with the movements of the boat in the 
waves, and it is reportedly more effec- 
tive against wave direction than with it. 
Jakobsen intends to continue the tests 
to develop the system further before 
putting it on the market. 


France, Canada Agree to 
End St. Lawrence Cod Take 


Roméo LeBlanc, Canada’s Minister 
of Fisheries and Oceans, and Mark 
MacGuigan, Secretary of State for Ex- 
ternal Affairs, have announced that 
agreement has been reached with 
France on the maximum annual cod 
catches French vessels will be per- 
mitted to take in the Gulf of St. Law- 
rence until 15 May 1986. Beyond that 
date, vessels from France will no long- 
er be permitted to fish in the Gulf. 

The Agreement reached on 3 October 
in Ottawa will limit French catches of 
Gulf-based cod stocks to an annual 
maximum of 20,500 t for the period 
1981-86. This limit may be reduced 
if total allowable catch limits for the 
two Gulf-based cod stocks are reduced 
below current levels. However, this is 
not believed likely. The French limit 
for 1980 was 20,540 t and for 1979 
was 20,675 t. 

The Agreement also gives Canada 
the option to require the French vessels 
to take up to 8,500 t of their annual 
entitlement from the southern Gulf cod 
stock, with a view to sharing the burden 
of the French fishery equitably between 
Canadian fishermen who fish in the 
north and those who fish in the south. 

“The 1972 Agreement was very un- 
clear regarding quantification of French 
fishing rights up to 1986,” MacGuigan 
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said. “The 1980 Agreement settles that 
issue, and should contribute to the 
furtherance of the good relations we 
have with France.” 

LeBlanc pointed out that the Agree- 
ment ensures that further development 
of the Gulf cod stocks will be for the 
benefit of Canada. “The stocks are 
rebuilding,” LeBlanc said, “and the 
evidence indicates that over the next 6 
years we will have TAC’s well above 
the 1980 levels of 75,000 t for the 
northern Gulf cod stock, and 54,000 t 
for the southern stock. The question of 
how much fish the French were entitled 
to catch in the Gulf has troubled us for a 
number of years. This issue has now 
been laid to rest. We can now turn our 
attention entirely to the management of 
our domestic fishery to ensure that 
equitable allocations are made to the 
different sectors and interests repre- 
sented in the Canadian fleet.” 


Can Oil and Fish Mix? 
Two North Sea Reports 


The amount of oil pollution in the 
North Sea has increased in recent years 
and is greatest in the areas close to the 
oil fields, according to a report from 
Norway’s Continental Shelf Institute 
(IKU) on the basis of oil trawling in the 
North Sea in June 1979. Altogether, 24 
tests were made and deposits of oil 
were found in 21 of these. The oil 
concentration was calculated at 0.4 
mg/mi” sea surface. This is double the 
amount found in a similar investigation 
in 1975, notes the Norwegian Informa- 
tion Service. 

The report says that the increase 
may be due to increased activity on the 
continental shelf, increased oil trans- 
ports in the area, and increased ship 
traffic. Reservation is made for the 
possibility that the registered increase 
in pollution is not indicative of general 
conditions but that it may be due to 
special wind or current conditions, or to 
accidental circumstances at the time the 
tests were made. The report’s conclu- 
sion is that the increase observed is 
probably due to a combination of sev- 
eral of these circumstances. 


Meanwhile, the University of Aber- 
deen in Scotland has prepared a study 
assessing the loss of access to fishing 
grounds caused by offshore oil and gas 
installations in the North Sea. The 
study was prepared for the British 
Fishing Federation and the Scottish 
Fishermen’s Federation. It may be of 
interest to individuals studying the im- 
pact of off-shore oil development on 
the U.S. fishing industry. 

A copy of the report can be purchased 
for £10 (US$24.00) by ordering Re- 
search Report No. 1, “Loss of Access 
to Fishing Grounds Due to Oil and Gas 
Installations in the North Sea.” 

Orders should be addressed to: M. 
Rattray, Department of Political Econ- 
omy, University of Aberdeen, Edward 
Wright Building, Dunbar Street, Old 
Aberdeen, Scotland, United Kingdom. 
Checks should accompany orders and 
be made payable to the University 
of Aberdeen. 


Clarification 


Two statements in Richard A. MacIntosh’s ar- 
ticle “The snail resource of the eastern Bering Sea 
and its fishery” (Mar. Fish. Rev. 42(5):15-20), 
which could give readers an erroneous impres- 
sion, have been clarified by William G. Gordon, 
Director, NMFS Office of Resource Conservation 
and Management. 

1) On page 18, (column 1, last paragraph) is a 
statement that certain vessels were given an al- 
location by the North Pacific Fishery Manage- 
ment Council. Actually, “Section 201(d) of the 
Fishery Conservation and Management Act of 
1976 says that the Secretary of State, in coopera- 
tion with the Secretary of Commerce, shall de- 
termine the allocation among foreign nations of 
the total allowable level of foreign fishing.” 

2) On page 19 (column 2) is a reference to 
“...a preliminary management plan developed 
by NMFS is being used by the North Pacific 
Fishery Management Council to manage the 
fishery.” Actually, “Section 201(g) of the Fishery 
Conservation and Management Act of 1976 pro- 
vides that the Secretary of Commerce shall pre- 
pare a preliminary management plan, under cer- 
tain circumstances, for a foreign fishery, and may 
prepare and promulgate interim regulations with 
respect to such preliminary plan. The snail fishery 
in question is still being managed under the pre- 
liminary management plan prepared by NMFS 
for the Secretary, first issued in February 1977 and 
most recently dealt with in December 1979 by 
setting the OY and TALFF for 1980. The regula- 
tions under this preliminary plan are of course the 
Secretary’s regulations, under authority of Sec- 
tion 201(g).” 
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Publications 


New NMFS Scientific 
Reports Published 


The publications listed below may be 
obtained from either the Superintendent 
of Documents (address given at end 
of title paragraph on affected publica- 
tions) or from D822, User Services 
Branch, Environmental Science Infor- 
mation Center, NOAA, Rockville, MD 
20852. Writing to the agency prior to 
ordering is advisable to determine avail- 
ability and price, where appropriate 
(prices may change and prepayment 
is required). 


NOAA Technical Report NMFS Cir- 
cular 431. Flescher, Donald D. “Guide 
to some trawl-caught marine fishes 
from Maine to Cape Hatteras, North 
Carolina.” March 1980. 34 p. For sale 
by the Superintendent of Documents, 
U.S. Government Printing Office, 
Washington, DC 20402. 

Abstract 

Fishes covered are those regularly caught 
during trawling operations. Similar shaped 
fishes are grouped together. On each page 
the written keys are connected by lines to 
the fish illustrations; consequently, tech- 
nical terms in the keys are illustrated as they 
are used. Notes on the size and range of each 
fish are included. 


NOAA Technical Report NMFS Cir- 
cular 432. Yoshida, Howard O. “Syn- 
opsis of biological data on bonitos of 
the genus Sarda.” May 1980. 50 p. 


Abstract 


Published and some unpublished infor- 
mation on the biology and resources of the 
three species of Sarda, S. australis, S. 
chiliensis, and S. sarda, are compiled, 
reviewed, and analyzed in the FAO species 
synopsis style. 


Feb. 1981, 43(2) 


NOAA Technical Report NMFS Cir- 
cular 433. Setzler, Eileen M., Walter 
R. Boynton, Kathryn V. Wood, Henry 
H. Zion, Lawrence Lubbers, Nancy 
K. Mountford, Phyllis Frere, Luther 
Tucker, and Joseph A. Mihursky. 
“Synopsis of biological data on 
striped bass, Morone saxatilis (Wal- 
baum).” June 1980. 69 p. 


Abstract 


This synopsis reviews literature on the 
taxonomy, morphology, distribution, life 
history, population, ecology, recreational 
and commercial harvest, and culture of the 
striped bass, Morone saxatilis (Walbaum). 

The striped bass is an anadromous spe- 
cies distributed along the Atlantic coast 
from northern Florida to the St. Lawrence 
Estuary, Canada; along the Gulf of Mexico 
from western Florida to eastern Louisiana; 
and along the Pacific coast from Ensenada, 
Mexico, to British Columbia, Canada. Pop- 
ulations have been established in numerous 
inland reservoirs and lakes. Striped bass 
spawn from mid-February in Florida until 
June or July in Canadian waters, and from 
mid-March to late July in California waters. 
Spawning occurs at or near the surface in 
fresh or nearly fresh waters at temperatures 
from 10° to 23°C; peak spawning usually 
occurs between 15° and 20°C. Yolk-sac 
larvae (prolarvae) range from 2.0 to 3.7 
mm TL (total length) at hatching. Larval 
feeding is usually initiated from 4 to 10 days 
after hatching. At about 13 mm TL, larval 
striped bass form small schools and move 
inshore; during their first summer, juvenile 
fish move downstream into higher salinity 
waters in many areas. Most estuarine stocks 
of striped bass along the Atlantic coast are 
involved in two types of migration: the 
upstream spring spawning migration and 
the offshore coastal migrations which ap- 
parently are not associated with spawning 
activity. Male striped bass reach sexual 
maturity at an earlier age than females; most 
males are mature in 2 yr and females in their 
fourth or fifth year. 


On Managing 
the Whales 


Publication of “Conservation and 
Management of Whales,” by K. 
Radway Allen, has been announced by 
the University of Washington Press, 
Seattle, WA 98195. The author is a 
member of the Scientific Committee 
of the International Whaling Commis- 
sion. He was formerly chief of the 
Division of Fisheries and Oceanog- 
raphy at Cronulla, New South Wales, 
Australia. 

Based on a series of lectures by the 
author at the University of Washington 
in 1978, the book outlines the main 
concepts and techniques which have 
gradually evolved in the study of whale 
populations and reviews their applica- 
tion to the management of whales. 

The author briefly discusses the biol- 
ogy of whales and the history of whal- 
ing, as well as whale populations 
and the history of their regulation in 
chapters 1 and 2. The following four 
chapters examine population models; 
methods of estimating populations and 
vital parameters; problems and sources 
of error in the estimation of populations 
and vital parameters; and management 
strategies, risks, and alternatives. 

The 120-page book is available from 
the publisher for $12.50. 


Accidents and Safety 
On and In the Water 

Marine safety has long beena NOAA 
concern. Several new reports on ma- 
rine-related accidents shed more light 
on their circumstances and prevention 
and provide a basis for safer marine 
research, fishing, and recreation. 


Surviving Hypothermia 


Hypothermia has long been recog- 
nized as a serious threat to outdoor 
and maritime workers and recreation- 
ists. It is also believed to be a major 
factor in about one-third of all U.S. 
drownings. In addition, it claims hik- 
ers, mountaineers, and even urban resi- 
dents and motorists caught in severe 
winter storms. 





The study of hypothermia, and tech- 
niques to prevent or treat it is rapidly 
bearing fruit. In recent months, NOAA 
researchers have discovered that many 
“drowning victims” can be success- 
fully resuscitated—some after being 
under water 20-30 minutes. 

NOAA, of course, has been at the 
forefront in funding research into hy- 
pothermia problems and solutions. In 
January 1980 the University of Rhode 
Island hosted the first International 
Hypothermia Conference and Work- 
shop which explored cold exposure 
problems in great depth. 

With the proceedings of that impor- 
tant meeting temporarily in limbo, URI 
opted to produce xerographic copies 
of the reports and papers, plus a 
wide collection of additional support- 
ive reports on hypothermia in a three- 
ring binder. The entire package, over 
600 pages, is available postage paid 
for $25.00. 

If costly, it is also importani data. 
“The information presented is extreme- 
ly important, up-to-date, and will help 
save lives,” says Neil Ross, conference 
chairman. The articles range from basic 
knowledge about hypothermia and its 
prevention and treatment to highly tech- 
nical and medical reports. 

The notebook has two parts: 1) Tech- 
nical papers (arranged alphabetically 
by author), and 2) miscellaneous arti- 
cles. Reports from many of the world’s 
leading medical researchers and ex- 
perts on all aspects of accidental hypo- 
thermia are presented. The data is 
important to those who need it for 
research, education, or survival. The 
proceedings can be ordered from the 
URI Marine Advisory Service, Divi- 
sion of Marine Rescurces, Univer- 
sity of Rhode Island, Narrangansett, 
RI 02882. 


Underwater Accidents 


The National Underwater Accident 
Data Center (NUADC) at the Univer- 
sity of Rhode Island has collected, 
investigated, and analyzed data on 
1,372 underwater diving fatalities from 
1970-78. The result is “U.S. Un- 
derwater Diving Fatality Statistics, 
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1970-78,” Rep. No. URI-SSR-80-13, 
available for $3.00 from NUADC, 
P.O. Box 68, Kingston, RI 02881. 

The 40-page report provides a wealth 
of accident data by diver age, experi- 
ence, pursuit, location, surroundings, 
cause of death, and more. Accident 
terms are defined and selected acci- 
dents are discussed and analyzed. 
Appendices include an “Underwater 
Accident Report Form” and “Autopsy 
Protocol for Victims of Scuba Diving 
Accidents.” A list of additional refer- 
ences is also provided. 

Report data shows that one of every 
three “occupational” diving fatalities 
involved either commercial fisheries 
ventures or scientific research by per- 
sons associated with an academic insti- 
tution. Notably, scientific diving for 
paid consulting purposes was fatality 
free for the entire period. Not count- 
ing diving instruction and unspecified 
activities, spearfishing, abalone div- 
ing, and shell/lobster fishing accounted 
for about half the nonprofessional div- 
ing fatalities between 1970 and 1978. 

To be most useful, of course, these 
data need a point of reference (i.e., how 
many persons were at risk). As it is, the 
reader has no way of knowing whether 
a fisheries scientist, abalone diver, or 
an underwater welder is most at risk — 
or why. 


Lightning Summary 


EDIS’ National Climatic Center 
(NCC) has published a “General Sum- 
mary of Lightning, 1959-1979” by 
Henry Vigansky of the center. It in- 
cludes a narrative of unusual lightning- 
associated deaths and injuries, tables of 
occurrences by state for the year 1979, 
and nationwide statistics (by year) for 
the period 1959-1979. 

Water and trees were most hazard- 
ous. During the 21-year period, 15 
percent of the 2,210 recorded lightning 
victims in the United States were stand- 
ing under trees. But another 12 percent 
of those killed were either boating, 
fishing, or swimming. 

The year 1979 saw the fewest number 
of recorded deaths during the 21 years, 


63. The greatest number occurred in 
1963, when 210 people were reported 
killed by lightning. The greatest num- 
ber of deaths from lightning in 1979 
were recorded in Texas, where seven 
people were killed; during the 21-year 
period Florida, with 223 fatalities, led 
the list. 

A magnetic tape has also been pre- 
pared containing lightning statistics for 
the period 1959-1979. The tape con- 
tains the date/time (year, month, day 
and hour), location (state and county), 
number of fatalities, number of injuries 
and estimated amount of property dam- 
age for each lightning-associated report 
appearing in the NCC’s Storm Data 
publication. There are about 14,000 in- 
dividual reports for the 21-year period. 

Inquiries about the availability of the 
summary and tape should be addressed 
to Henry Vigansky, National Climatic 
Center, Federal Building, Asheville, 
NC 28801. 


Aquatic Plants 
and their Control 


Publication of “Aquatic Plants, 
Lake Management, and Ecosystem 
Consequences of Lake Harvesting” 
has been announced by the Institute 
for Environmental Studies, University 
of Wisconsin—Madison, 120 WARF 
Building, 610 Walnut, Madison, WI 
53706. Edited by J. E. Breck, R. T. 
Prentki, and O. L. Loucks, it is avail- 
able for $6.50, paid in advance. Micro- 
fiche copies are also available from 
NTIS, 5285 Port Royal Road, Spring- 
field, VA 22161 for $3.50. 

The report is divided into six sec- 
tions: I, Macrophyte biology; II, nu- 
trient loading and flux of phosphorus 
from sediment; III, effects of harvest- 
ing on the consumer community; IV, 
mechanical harvesting options; V, in- 
stitutional settings; and VI, overview 
of the conference findings. 

The 435-page report provides a good 
review of the current status and knowl- 
edge of macrophyte biology, harvest 
practices, nutrient cycling, and the 
institutional mechanisms for imple- 
menting treatments. 


Marine Fisheries Review 





Marine Fisheries Review publishes re- 
view articles, original research reports, sig- 
nificant progress reports, technical notes, 
and news articles on fisheries science, en- 
gineering, and economics, commercial and 
recreational fisheries, marine mammal 
studies, aquaculture, and U.S. and foreign 
fisheries developments. Emphasis, how- 
ever, is on in-depth review articles and prac- 
tical or applied aspects of marine fisheries 
rather than pure research. 

Preferred paper length ranges from 4 to 
12 printed pages (about 10-40 manuscript 
pages), although shorter and longer papers 
are sometimes accepted. Papers are 
normally printed within 4-6 months of ac- 
ceptance. Publication is hastened when 
manuscripts conform to the following rec- 
ommended guidelines. 


The Manuscript 


Submission of a manuscript to Marine 
Fisheries Review implies that the manu- 
script is the author’s own work, has not been 
submitted for publication elsewhere, and is 
ready for publication as submitted. Com- 
merce Department personnel should submit 
papers under completed NOAA Form 25- 
700. 

Manuscripts must be typed (double- 
spaced) on high-quality white bond paper 
and submitted with two duplicate (but not 
carbon) copies. The complete manuscript 
normally includes a title page, a short 
abstract (if needed), text, literature cita- 
tions, tables, figure legends, footnotes, and 
the figures. The title page should carry the 
title and the name, department, institution 
or other affiliation, and complete address 
(plus current address if different) of the au- 
thor(s). Manuscript pages should be num- 
bered and have |'4-inch margins on all 
sides. Running heads are not used. An 
*‘Acknowledgments’’ section, if needed, 
may be placed at the end of the text. Use of 
appendices is discouraged. 


Abstract and Headings 


Keep titles, heading, subheadings, and 
the abstract short and clear. Abstracts 
should be short (one-half page or less) and 


Editorial Guidelines for 
Marine Fisheries Review 


double-spaced. Paper titles should be no 
longer than 60 characters; a four- to five- 
word (40 to 45 characters) title is ideal. Use 
heads sparingly, if at all. Heads should con- 
tain only 2-5 words; do not stack heads of 
different sizes. 


Style 


In style, Marine Fisheries Review fol- 
lows the **U.S. Government-Printing Office 
Style Manual." Fish names follow the 
American Fisheries Society's Special Pub- 
lication No. 6, **A List of Common and 
Scientific Names of Fishes from the United 
States and Canada,” third edition, 1970. 
The *‘Merriam- Webster Third New Interna- 
tional Dictionary’’ is used as the authority 
for correct spelling and word division. Only 
journal titles and scientific names (genera 
and species) should be italicized (under- 
scored). Dates should be written as 3 
November 1976. In text, literature is cited 
as Lynn and Reid (1968) or as (Lynn and 
Reid, 1968). Common abbreviations and 
symbols such as mm, m, g, ml, mg, and °C 
(without periods) may be used with numer- 
als. Measurements are preferred in metric 
units; other equivalent units (i.e., fathoms, 
°F) may also be listed in parentheses. 


Tables and Footnotes 


Tables and footnotes should be typed 
separately and double-spaced. Tables 
should be numbered and referenced in text. 
Table headings and format should be consis- 
tent; do not use vertical rules. 


Literature Citations 


Title the list of references **Literature Ci- 
tations’’ and include only published works 
or those actually in press. Citations must 
contain the complete title of the work, inclu- 
sive pagination, full journal title, the year 
and month and volume and issue numbers of 
the publication. Unpublished reports or 
manuscripts and personal communications 
must be footnoted. Include the title, author, 
pagination of the manuscript or report, and 
the address where it is on file. For personal 
communications, list the name, affiliation, 
and address of the communicator. 


Citations should be double-spaced and 
listed alphabetically by the senior author's 
surname and initials. Co-authors should be 
listed by initials and surname. Where two or 
more citations have the same author(s), list 
them chronologically; where both author 
and year match on two or more, use lower- 
case alphabet to distinguish them (1469a, 
1969b, 1969c, etc.). 

Authors must double-check all literature 
cited; they alone are responsible for its accu- 
racy. 


Figures 


All figures should be clearly identified 
with the author's name and figure number, if 
used. Figure legends should be brief and a 
copy may be taped to the back of the. figure. 
Figures may or may not be numbered. Do 
not write on the back of photographs. 
Photographs should be black and white, 8- 
x 10- inches, sharply focused glossies of 
strong contrast. Potential cover photos are 
welcome but their return cannot be guaran- 
teed. Magnification listed for photomicro- 
graphs must match the figure submitted (a 
scale bar may be preferred). 

Line art should be drawn with black India 
ink on white paper. Design, symbols, and 
lettering should be neat, legible, and sim- 
ple. Avoid freehand lettering and heavy let- 
tering and shading that could fill in when the 
figure is reduced. Consider column and 
page sizes when designing figures. 


Finally 


First-rate, professional papers are neat, 
accurate, and complete. Authors should 
proofread the manuscript for typographical 
errors and double-check its contents and ap- 
pearance before submission. Mail the man- 
uscript flat, first-class mail, to: Editor, 
Marine Fisheries Review, Scientific Publi- 
cations Office, National Marine Fisheries 
Service, NOAA, 1700 Westlake Ave., N., 
Room 336, Seattle, WA 98109. 

The senior author will receive 50 reprints 
(no cover) of his paper free of charge and 
100 free copies are supplied to his organiza- 
tion. Cost estimates for additional reprints 
can be supplied upon request. 
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